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1 Introduction 


The Long-range Energy Alternatives Planning system (LEAP) is a scenario-based 
energy-environment modeling tool. Its scenarios are based on comprehensive accounting 
of how energy is consumed, converted and produced in a given region or economy under 
a range of alternative assumptions on population, economic development, technology, 
price and so on. With its flexible data structures, LEAP allows for analysis as rich in 
technological specification and end-use detail as the user chooses. 


With LEAP, the user can go beyond simple accounting to build sophisticated simulations 
and data structures. Unlike macroeconomic models, LEAP does not attempt to estimate 
the impact of energy policies on employment or GDP, although such models can be run 
in conjunction with LEAP. Similarly, LEAP does not automatically generate optimum or 
market-equilibrium scenarios, although it can be used to identify least-cost scenarios. 
Important advantages of LEAP are its flexibility and ease-of-use, which allow decision 
makers to move rapidly from policy ideas to policy analysis without having to resort to 
more complex models. 


LEAP serves several purposes: as a database, it provides a comprehensive system for 
maintaining energy information; as a forecasting tool, it enables the user to make 
projections of energy supply and demand over a long-term planning horizon; as a policy 
analysis tool, it simulates and assesses the effects - physical, economic, and 
environmental - of alternative energy programs, investments, and actions. 


You can use LEAP to project the energy supply and demand situation in order to glimpse 
future patterns, identify potential problems, and assess the likely impacts of energy 
policies. LEAP can assist you to examine a wide variety of projects, programs, 
technologies and other energy initiatives, and arrive at strategies that best address 
environmental and energy problems. 


2 Getting Started 


These help files contain comprehensive information on using LEAP. To get started, we 
suggest you familiarize yourself with some of the major concepts: 


Help: Use the Help menu to get access to LEAP's on-line documentation (help is 
organized using an index, a table of contents and can also be searched). In 
addition, you can press the F1 function key to get context-sensitive help 
anywhere in LEAP. Pressing F1 will give you a page of help relevant to the 
screen you are working on. 


Views: LEAP is structured as eight different "views" onto an energy system or 
"Area". These views are listed as graphical icons on the View Bar, normally 
located on the left of the screen. 


Types of Analysis: You can conduct a variety of analyses of energy systems 
using LEAP, including Demand Analysis, Transformation Analysis, Resource 
Analysis, and Environmental Analysis. All of these analyses can be combined 
together in LEAP to conduct Integrated Energy Planning (IEP) and greenhouse 
gas mitigation analyses, both of which rely upon conducting integrated social 
cost-benefit analysis. LEAP also optionally lets you create inventories and 
scenarios for Non-Energy Related Effects. 


Data Structures: The main Demand, Transformation and Resource data 
structures in a LEAP area are organized using a hierarchical tree. Different types 
of branches in the tree are represented as different icons (pictures). The types of 
data entered at each branch depend on the type of branch, its position in the tree 
(for example whether it is a Demand or Transformation branch), and the 
properties (S) you set for that branch. In addition to the tree, a number of cross- 
cutting supporting databases are also employed including the Fuels, Effects, Units 
and References databases. 


Scenario analysis is at the heart of using LEAP. Scenarios are self-consistent 
story-lines of how a future energy system might evolve over time in a particular 
demographic and socio-economic setting and under a particular set of policy 
conditions. 


User Interface: The main screen of the LEAP system consists of the View Bar on 
the left of the screen, a main menu and main toolbar at the top providing access to 
the most important functions of the program, and a status bar a the bottom of the 
screen showing the current area name, current view, licensing information and 
other status information. The layout of the rest of the screen will depend on which 
view is selected. NB: This documentation assumes you are familiar with using 
Windows-based programs. 


Technology Database: LEAP includes TED: the Technology and Environmental 
Database. TED provides extensive information describing the technical 
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characteristics, costs and environmental impacts of a wide range of energy 
technologies. The quantitative data in TED is supplemented by qualitative 
Information Pages that review the availability, appropriateness, cost-effectiveness 
and key environmental issues of a wide range of energy technologies. 


e Additional Information is available on the hardware and software requirements 
of LEAP, and on obtaining technical support. Please refer to the LEAP web site 
for information on how to license the full version of LEAP. 


3 A Short History of LEAP 


LEAP was created in 1980 for the Beijer Institute's Kenya Fuelwood Project, to provide a 
flexible tool for long-range integrated energy planning. It was conceived and designed by 
Paul Raskin, President of Energy Systems Research Group (ESRG was renamed Tellus 
Institute in 1990). LEAP provided a platform for structuring data, creating energy 
balances, projecting demand and supply scenarios, and evaluating alternative policies, the 
same basic goals as the current version of LEAP. Major funding was provided by 
Swedish SIDA, German GTZ, the Government of the Netherlands (DGIS), and US-AID. 


LEAP was originally implemented on a mainframe computer. In 1983, ESRG, with 
funding from US-AID, converted it for use on a minicomputer and a first user-interface 
was added with the aim of transferring it to energy planners in Kenya and elsewhere. By 
1985, LEAP had been ported again, this time to the newly emerging IBM PC 
microcomputer, making wider dissemination and a more user-friendly interface possible. 
In the course of the 1980s, LEAP-based studies were conducted in a dozen countries in 
Africa, Latin America, and Asia as collaborations between ESRG, Beijer Institute, and 
in-country partners. 


When the Stockholm Environment Institute (SEI) was established in 1989, Tellus 
Institute became host to the SEI-Boston Center (SEI-Boston). Development of LEAP 
continued at SEI-Boston. With concern about the environmental impact of energy 
systems growing, LEAP was one of the first energy modeling tools to address this 
concern through the addition of the Environmental Database (EDB) and enhancements 
for computing emissions loadings in LEAP. The United Nations Environment 
Programme provided major funding for this phase of development. 


The early 1990s saw a broadening of LEAP's user-base. In 1991, the first major LEAP- 
based study in an OECD country was conducted by Tellus, America's Energy Choices: an 
analysis of the potential for energy efficiency and renewables in the USA. In 1992, the 
first global energy study using LEAP was published by SEI-Boston, Towards a Fossil 
Free Energy Future (a report to Greenpeace). Meanwhile, studies continued throughout 
the developing world, including a World Bank sponsored project to integrate LEAP with 
an emission dispersion model for studying air quality in Beijing. 


The spread of the Internet in the mid-1990s allowed for much wider dissemination of 
LEAP. With the issue of climate change rising on the international agenda, LEAP was 
further enhanced as a tool for Greenhouse Gas (GHG) mitigation assessments. Many 
countries used LEAP for their national communications to the UNFCCC, and for their 
contributions to the U.S. and UNEP Country Studies Programs on Climate Change. 


By the late 1990s, with support from the Dutch Government (DGIS), a new Windows- 
based version of LEAP was created by Charlie Heaps, allowing the original goal of a 
highly user-friendly energy and environment planning tool to be more fully realized. The 
first version of the new tool was made public in early 2001. 
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LEAP for Windows continues to be maintained and further developed based on user- 
requirements. Recent years have seen major initiatives to develop vehicle stock-turnover 
modeling capabilities, better modeling of electric power systems. LEAP has also been 
enhanced to support multi-regional modeling of energy systems for use in major Global 
and regional energy studies. 


By 2003, with the number of LEAP users approaching 500 with most in the developing 
world, a new project was launched to upgrade the support provided to these users and to 
foster a community among Southern energy analysts working on sustainability issues. 
With support from DGIS, a new web-based community called COMMEND 
(http://www.energycommunity.org ) was created, with the number of participating LEAP 
users growing to over 1500 in more than 130 countries by early 2006. 


4 Views 
4.1 The View Bar 


LEAP is structured as a set of eight different "views" of an energy system. These views 
are listed as graphical icons on the "View Bar", normally located on the left of the screen. 
Click an icon in the View Bar to select one of the views. In some cases, the system may 
need to calculate scenarios before the view is displayed. If you are working on a low 
resolution screen, we suggest that you hide the View Bar to make more space on the 
screen. Click the "hotspot" on the right of the View Bar, or use the menu option View: 
View Bar to do this. Thereafter, you will need to use the View menu to select the 
different views. 


The Analysis View is the place where you create your data structures, models 
and assumptions in LEAP. In the Analysis view, the screen is divided into three 
panes. On the left, a hierarchical tree is used to create and organize data 
structures under four major categories Key Assumptions, Demand, Transformation and 
Resources. The tree is also used to select the data to be edited, which is shown on the 
right of the screen. For example, clicking on the "Electricity Generation" tree branch on 
the left of the screen, will display the data for that module on the right of the screen. On 
the top-right of the screen, a data entry table is used to edit data and create modeling 
relationships. The information you enter here is displayed graphically in the bottom-right 
pane. 


The Results View displays results in detail for all parts of the energy system. It 

i can be used to create a wide variety of charts and tables covering each aspect of 

the energy system: demand, transformation, resources, costs, and 

environmental loadings. Reports can be viewed for one or more scenarios and can be 

customized in a wide variety of ways. You can also use the "Favorites" option to 
bookmark the most useful charts for your analysis. 


m= ™ The Diagram View displays a "Reference Energy System" diagram showing the 

=a main energy flows in your system from resource extraction, through the 
conversion and transport of fuels, through to final energy demand. Using the 

diagram view you can zoom in to examine the processes within each Transformation 

module and their input and output fuels. As you edit Transformation data structures in the 

diagram view (e.g., adding or deleting modules, processes and fuels), the diagram view 
will automatically be updated. 


IE The Energy Balance View displays the results of your calculations as a 

standard energy balance table or chart. Energy balances can be viewed for any 
calculated scenario and any years in your analysis. Energy balances can also be 
customized to reflect different energy units. 


<<» The Summaries View:The summaries view is a general purpose tool with 
WS which you can create your own customized tabular reports. Reports can include 
any data variable or results value as well as your own commented subheadings. 


Zz 
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This view is also used to access the special cost-benefit summary report, which 
summarizes the costs and benefits of scenarios compared to a chosen baseline scenario. 


ig ||| The Overviews View is used to group together "Favorite" charts created earlier 
me in the Results view. With Overviews, you get a birds-eye view of different 


important aspects of the energy system, such as costs, environmental impacts, 
and resource requirements. You can create multiple named Overviews, each of which can 
display up to 10 different Favorites. 


> TED: The Technology and Environmental Database provides extensive 
~ e ® information describing the technical characteristics, costs and environmental 
impacts of a wide range of energy technologies available internationally or in 
particular developing country regions. The database includes information on existing 
technologies, current best practices and next generation devices. The first version of TED 
includes data on approximately one thousand technologies, referencing reports by dozens 
of institutions such as the Intergovernmental Panel on Climate Change , the U.S. 
Department of Energy, and the International Energy Agency, as well as data specific to 
energy technologies found in developing countries. In addition to its quantitative data, 
TED also includes qualitative information pages that review the availability, 
appropriateness, cost-effectiveness and key environmental issues for a wide range of 
energy technologies. TED's core database can be edited or supplemented by a user's own 
data. 


The Notes View is a simple word processing tool with which you can enter 
EN documentation and references for each branch of the tree. To edit the notes, 

either type directly into the Notes Window, or select Edit to display a larger 
window with additional word-processing features. Notes can include formatting (bold, 
underline, fonts, etc.) and can also include standard Windows "objects" such as 
spreadsheets. Use the Print and Print All buttons (Sa) to print one or all of the notes or 
the Word buttons (a) to export one or all of the notes to Microsoft Word. 


Views 


4.2 Analysis View 


The Analysis View is used to: 


e Create the data structures for your area. This is done primarily by editing the 
Tree shown on the left of the view, which is organized into four major categories 
of information: Key Assumptions, Demand, Transformation and Resources. 


e Create and manage alternative scenarios: using the Manage Scenarios screen. 


e Enter the data, assumptions and modeling relationships for each scenario: 
using the data entry tables on the right-hand side of the screen. 


"Breadcrumb" Navigation Bar 


A web-like "breadcrumb" toolbar above the data entry table shows you which 
branch is currently selected in the tree and lets you navigate to other branches 
without having to use the tree. 


Data Entry Table 


Branch: Demand \ Household \ Urban \ Electrified \ Refrigeration \ Existing 
Variable: Activity Level |~ Scenario: REF: Reference |v |5J Manage Scenarios 
Activity Level: A measure of the social or economic activity for which energy is consumed. « Help 


Activity Level | Final Energy Intensity | Non Energy Fraction | Environmental Loading | All Variables 


pi a Expression Scale Units Per 
Household 8 Growth(3%) Million Household 
Urban 30 Interp(2030,45) Percent Share of Households 
Refrigeration 9595 Percent Saturation of Households 
Existing 100 Remainder(100) Percent Share of Households 
Efficient 00 Percent Share of Households 
Electrified 100 100 Percent Saturation of Households 


The data entry tables on the top-right of the Analysis View are used to enter 
expressions that define the Current Accounts (base year) values of variables and the 
future values of each variable for a given scenario (and region in a multi-region 
model). Depending on which tree branches you click on the left of the screen, 
different data variables will be available for editing on the right. For example, 
when editing demand sectors you will see tabs giving access to "Activity Levels" 
and "Demand Costs", while at the lowest levels of the tree you will also see tabs for 
"Energy Intensity" and "Environmental Loadings". 


These variables are presented in two different ways: 
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1. Listed in the Variables Selection Box. Variables are grouped by 
category (e.g. basic, capacity, dispatch, cost, user-define, etc.) 


2. Listed as tabs above the data entry table. Select a variable by clicking on 
the tab. To improve screen organization, you can optionally hide the tabbed 
view of variables, by right-clicking on the tabs and unchecking "Variables 
as tabs" You can reinstate the tabs at any time by right-clicking on the data 
entry table and changing-back this setting. 


Use the three selection boxes above the data entry table to select the variable, 
scenario and region (in a multi-region area) that you wish to edit. You can also 
choose to edit all variables (for the current tree branch), all regions, or all scenarios 
simultaneously. 


In general, the rows of each data entry table correspond to the tree branches 
immediately below the one you clicked on in the tree. For example, if you clicked 
on the Transformation branch, you will see information about all of the modules in 
your Transformation analysis. Similarly, if you click on the demand branch for the 
household sector, the rows of the data entry table will show information about 
household subsectors (e.g. urban, rural, depending on the structure you develop). 
Note though, that when editing Demand activity levels, LEAP also shows you a 
series of indented rows, which also shows you the activity levels in higher level 
branches. 


Each data entry table is color coded to show you which fields can and cannot be 
edited be edited. Fields with a white background can be edited, while fields with a 
gray background cannot. Color coding is also used to show you which expressions 
have been entered explicitly in the current scenario, and which are inherited either 
from a parent scenario or from the data specified for Current Accounts. Blue text 
indicates a value entered explicitly in the a scenario, while black text indicates that 
a value is inherited from another scenario or another region. 


The columns of information shown in most data entry tables are broadly similar. 
You will normally see the following columns: 


o Name: the name of the tree branch being edited. This name cannot be edited 
in the data entry table. If you want to change it, either click on that name in 
the tree, or right-click on the row and edit the that row. 


o Current Accounts Value (column header shows year ): Only when editing 
scenarios, the data entry table will contain an additional column showing the 
value entered for each branch in the Current Account year. Where appropriate, 
the foot of the column will show the total sum of all neighboring current 
account values. Notice that, this column shows numeric values: whereas you 
may have entered Current Accounts data as either a simple number or an 
expression. 


Views 


o Expression: LEAP borrows an approach made popular in spreadsheets: the 
ability for users to enter data and models in the form of mathematical 
expressions. In Current Accounts an expression defines the base year value 
for a given branch and variable, while in scenarios, the expression defines 
how that variable changes over time (from one year after the base year to the 
end of the study period). Expressions can range from simple numeric values to 
complex mathematical formulae. For more information, refer to Expressions 
and Examples of Expressions 


o Scale and Units: In many tables, columns are provided for specifying the 
units of the data you are entering. For some variables, units consist of both a 
numerator and a denominator unit. Note that in most Transformation data 
screens, units are not chosen for each branch, but are chosen for a whole 
group of neighboring processes and output fuels. For these tables, scale and 
units selection boxes are shown in a panel immediately above the data entry 
table. Units and scaling factors can only be edited when editing Current 
Accounts data, since the settings apply across all scenarios. It is important to 
note that the units you choose for data entry do not have to be the same as the 
units in which you report your results. LEAP will handle unit conversion 
calculations for you. Most data can be entered in a choice of units, and LEAP 
provides a wide range of standard units for energy, power, mass, volume and 
monetary data. You can also add your own units using the General: Units 
option. This is most useful when specifying monetary data in different 
currency units. When entering energy simple numeric data in the demand 
energy intensity tables and switching energy units, LEAP will offer to 
automatically convert data from one unit to another. To avoid entering very 
large or very small numbers, most LEAP tables include a column in which 
you can choose scaling factor. Typically you will leave this blank, but you can 
also choose a factor such as "Thousand", "Million" or "Billion". 


Data entry tables for some variables have additional columns. For example, demand 
energy intensity branches also require that you select the fuel associated with a 
demand device. 


Expression Elaboration 


Expression Elaboration is a small panel that automatically pops-up under the main 
data entry table in Analysis View to elaborate on the meaning of complex 
expressions: ones that refer to other branches and variables. Expression 
Elaboration is useful for helping you to understand and explain your analyses 
WITHOUT continually having to navigate from branch to branch in the tree. 


Managing Scenarios 


Immediately above the data entry you will find the &# Manage Scenarios button. 
Use this to create, delete or edit your scenarios. 
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Chart/Table/Notes Pane 


The bottom pane of the analysis view displays the data you entered in the top pane 
as either a chart or a table. The chart and table views let you quickly examine the 
values generated by the expressions you have entered above. The chart and table 
toolbars on the right of the pane gives access to a range of options for formatting 
charts and tables (e.g. picking chart type and stacking options, colors, 3D effects, 
grids, number of decimal places, etc.) and for printing and copying charts and tables, 
exporting tables to Microsoft Excel, and exporting charts to Microsoft PowerPoint. 


The bottom pane also gives access to the Notes screen: a word processing tool in 
which you can enter documentation and references for each branch of the tree. To 
edit the notes, right-click and select Edit to display the notes in a larger window, 
which includes a basic set of word processing controls. Notes can include 
formatting (bold, underline, fonts, etc.) and can also include standard Windows 
"objects" such as spreadsheets. The notes view is linked to the References database, 
providing a centralized facility for referencing your data and assumptions. To edit 
the list of References, use the New (.), Add ()and Delete (“) buttons to link to 
the References database. 


4.2.1 Analysis View Toolbar 


The Analysis View toolbar provides tools for working with the data entry screens of the 
Analysis View: 
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e The Variable Selection Box lets you choose a variable to edit. Variables are 
categorized in various groups (basic, capacity, dispatch, cost, user-define, etc) 
You can also choose to edit all variables (for the current tree branch) 
simultaneously. Note that the functionality of this selection box is duplicated 
by the on-screen tabs used to display the variable in the Analysis View. To 
save screen space you can choose to hide these tabs by right-clicking on them 
and selecting "Variables as Tabs". 


e The Region Selection Box lets you choose a region to edit. This selection box 
is only displayed if your area has more than one region. You can also choose 
to edit all regions simultaneously. 


e The Scenario Selection Box lets you choose either a scenario for editing 
(including Current Accounts). You can also choose to edit all scenarios 
simultaneously. 


EdManage Scenarios is used to create, delete, organize and set the properties of the 
scenarios in an Area. 


EiCreate Scenario is used to quickly edit or create a new scenario by reviewing its 
key parameters. This button is only displayed if you have created a Scenario 
Template for the area, describing the list of key parameters in scenarios. 


Views 


\JExpression Builder is a general purpose tool that helps you construct LEAP's 
expressions by dragging and dropping functions and LEAP and TED 
Branches/Variables into an editing box. 


#The Time-Series Wizard is a tool that helps you construct the various time- 
series expressions supported by LEAP's Analysis View. These expressions include 
functions for interpolation, step functions, smooth curves and linear, exponential 
and logistic projections. 


Print Expressions is used to print out expressions for the current scenario. It will 
print expressions for either the current variable or for all variables. 


4.2.2 Growth Dialog 


This dialog is used to quickly build an expression reflecting an exponential growth rate 
from the base year value of a variable. Enter a percentage value, and when you click OK, 
LEAP will build an expression of the form Growth(x%). This dialog is not available 
when editing Current Accounts, nor when editing variables measured in percentage units. 


4.2.3 End Year Dialog 


This dialog is used to quickly build an expression reflecting an interpolation function 
from the base year value of a variable to a value in the end-year of the analysis. Enter a 
value and when you click OK, LEAP will build an Interp expression of the form 
Interp(Year, X). Tip: for more elaborate interpolation functions, use the Time-Series 
Wizard. 


4.2.4 Printing 


Most parts of the LEAP user interface can be printed including charts, tables, the RES 
diagram and the LEAP and TED trees. When you select Print (‘), a print preview 
appears. Using this dialog you can set most printing options, such as the printer name, the 
margins, and which pages you wish to print. When you are ready to print, click on the 
Print (“) button appearing in the dialog toolbar. 


The print preview option's menu contains various options for configuring your printouts: 


e From the File Menu, you can design the look of your printout, set-up the printer 
page, and print the report. 


e From the View Menu you configure the appearance of the preview screen. 


e From the Format Menu, you can set options for page numbering and date/time 
stamps on the report. 


e From the Go Menu you can navigate through the pages of the report. 
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4.3 Results View 


LEAP: Freedonia 
Area View Edit Chart Favorites Help 
New Ps Open by] Save J Email @ References <a [7] 1 A & Help Lyd What's this? 
= © Freedonia Branch: Transformation \ Electricity Generation \ Processes \ 
8) Demand “Chart | Table || Diagnostics 
g - oa Result: [Transformation: Outputs v | © Results Help |Less... | Scenario: [Reference ¥| Fuel: |All Fuels v 
#5) Transmission and Distribution Values: Absolute ¥ | Differences: |None ¥| Levels: 1 + 
= Electricity Generation er 
BESS rrocesses| 
& Hydro 
&} Existing Coal Steam 
&} New Coal Steam 
&} Oil Combustion Turbines | 
& New Oil CT 
&} Biomass 
&} wind 
&} Natural Gas CC 
Charcoal Making 
#4) Oil Refining 
(=) Coal Mining 
{ Stock Changes 
-() Resources | 
(8) Non-Energy Sector Effects 


All 


Branches 


Gi hydro 

TBM existing Coal Steam 
[BB New Coal Steam 
 [__] oil Combustion Turbines 
GE New oil cT 

GS Biomass 

G3) wind 

GEG Natural Gas CC 


thousand gigawatt-hour Select Denominator 


2000 2004 2008 2G D024 NB 


‘Selected (16/3 Q ¥| \Years 


Registered to: tellus institute 


The Results View is a general purpose reporting tool for reviewing the results of your 
scenario calculations in chart, table and map format. In addition to its role as LEAP's 
main reporting tool, the Results View is also important as the main place where you 
debug your intermediate results to ensure that your data, assumptions and models are 
valid and consistent. 


Four tabs at the top of the Results View let you switch between different views of your 
results: 


e Chart: showing results as a bar, column, area, line or pie chart. 
e Table: a simple table showing the numbers in the chart. 


e Map: results displayed on a color-coded GIS (Geographical Information System) 
map. The map tab is only available under certain conditions, 


e Diagnostics shows warnings and informational messages concerning your results 
calculations. The diagnostics tab only appears if diagnostic messages were 
generated during calculations. 


It is generally easiest to work first with the chart tab. Once you have established the 
information you require you can then switch to the table or map reports. Use the on- 
screen selection boxes to select the results in which you are interested. You can change 
any of the selection boxes at any time, but typically you will follow the following basic 
steps: 
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Views 


1. Use the Result selection box at the top of the screen to first pick the category of 
results you are interested in. For example, you might pick a result category such 
as net final energy demand, or costs. 


2. Use the Tree to pick the branches for which you wish to see results. For example, 
you might choose to see demands in the household sector, or costs for the whole 
area. 


3. Use the selection boxes attached to the chart's X axis and legend to pick the data 
dimensions you want to see on each axis of the chart or table. Different categories 
of results will have different data dimensions. For example, energy demand data 
has the dimensions: years, branches, fuels, and scenarios. You can create a chart 
showing any two of these dimensions on the X-axis and legend of the chart. 
Examples of demand charts you can create include: fuel by year (for a given 
branch and scenario), branch by year, for one or all fuels and a given scenario, 
scenarios by year (for a given branch and one or all fuels), etc. Some restrictions 
apply. For example, the years dimension cannot be plotted on the legend axis. 
Those dimensions not placed on the X axis or legend are listed in the Results 
View toolbar shown at the top of the screen, allowing you to pick one item (or 
where appropriate the total of all items) in that dimension. So for example, if you 
chose to view a scenario x year chart for energy demands, you will also use the 
toolbar to choose whether you wish to display results for one fuel, or the total for 
all fuels or selected fuels. When picking a dimension for the X axis or legend you 
will also be able to specify whether you want to show all items in the dimension 
or only selected items. If you choose "selected" you will be shown a dialog box in 
which you can check of the items to be displayed. 


4. Use the various additional on-screen controls to further customize your chart. 


« The Scale and Units buttons shown on the chart or table axis are used to 
pick the scaling factor and unit for the chart. The class of the unit (energy, 
power, mass, volume, etc.) is determined by the category of result you are 
examining. LEAP automatically chooses a scaling factor (thousands, 
millions, billions, etc.), but you can subsequently override this by clicking 
the scaling button. For most reports, you can also choose a denominator 
variable. For example, you may wish to view energy demand per unit of 
GDP, or carbon emissions per person. Click on the denominator button to 
set or remove the denominator variable. 


«= When displaying energy demand results, you can display results in either 
final or primary energy equivalent units. Primary units are provided for 
those who prefer to display electricity and heat consumption in terms of 
the equivalent amount of primary energy required to produce it. When 
displaying reports in this fashion, LEAP makes use of the conversion 
efficiencies specified as the last column in the Fuels database. By default, 
all values are set to 100%, except for electricity, which is set to 33%. 
Currently, this value does NOT automatically reflect actual generation, 
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transmission and distribution efficiencies of your LEAP scenarios, so you 
may want to edit the default values to reflect the average efficiency in 
your Area. 


5. To reduce the complexity of the screen and to save space, the more advanced 
reporting options are hidden by default. To display the following options, click on 
the More... button: 


« Use the Values selection box, to display absolute, percentage, cumulative 
or indexed values or to show year on year growth rates for each year of the 
study. 


« Use the Differences From selection box if you wish to see the differences 
between scenarios or Current Account values, or if you wish to see 
differences versus previous year values. If you want the absolute results 
for scenarios, select "None". Note: you can combine the scenario 
differences and Values selections to show for example cumulative 
differences from one scenario to another. 


= When viewing cost results, an additional Costs selection box appears, 
letting you choose either real (i.e. constant value) costs or discounted costs. 


« Cross-Tabulated Reports: When viewing results across different 
branches of the tree (e.g. when viewing energy demands over time), an 
additional Levels control is shown letting you pick the number of levels of 
depth to be reported. This lets you examine how a total value at a given 
branch is made of the various branches underneath. When the level is set 
to one (the default), you will be shown results for the branches 
immediately below the one you clicked on in the tree (e.g. the various 
demand sectors). When set to two you will see two levels of branches (e.g. 
the various subsectors under each demand sector). The maximum number 
of levels supported is three. When displaying multiple levels, you can 
click on the Match Names checkbox to group branches of the same name. 
This option can be useful, for example, if you want to see total cooking or 
lighting energy consumption in multiple regions or across urban and rural 
households. 


6. Use the Chart and Table toolbars on the right of the screen (or right-click on a 
chart) to customize the appearance of the chart or the table, to copy results to the 
Windows clipboard (9), and to print (“) or export results to Microsoft Excel 
(3) and PowerPoint (\@)). Options on the toolbar let you select the type of chart 
(), type of stacking (@), and formatting options such as 3D effects, log scales, 
grid lines, and the number of decimal places reported in numeric values. 


Views 


Saving Favorite Charts 


You can save your favorite charts including all settings for the axes, type of chart, 
and formatting, using the Favorites menu. This feature is similar to the 
bookmark/favorites features found on popular Internet browsing software. Later, in 
the Overviews View, you can group together favorite charts to create overviews of 
different results. Use the Save Chart as Favorite option to bookmark the current 
highlighted chart. You will be asked to give the favorite a name. Use the Delete 
Favorite option to delete the saved favorite. To switch to a favorite chart, select its 
name from the favorites menu. 


4.3.1 Results Categories 


4.3.1.1 Demand 


Energy Demand 


This results category displays the energy demand in one or more demand branch. Results 
can be shown organized by branch, fuel, scenario, year and region (in multi-regional 
areas). 


You can show either the total final demand for fuels including both energy and non- 
energy requirements or energy only requirements. Showing energy only requirements 
will cause LEAP to subtract the non-energy demand for fuels as specified in the variable 
"Non Energy Fraction". When this variable is zero, the (energy + non-energy) and 
(energy only) results will be the same. 


Energy demand results can also be shown in either final or primary units. Primary units 
results are only available if you go to the General: Basic Parameters scope screen and 
check the box marked "allocate primary energy and Transformation emissions back to 
demands". When showing in primary units, LEAP shows the primary energy 
requirement implications of the levels of domestic consumption at one or more demand 
branch. So for example, if you click on a household/refrigeration branch you will see the 
primary energy required to make the electricity used in refrigerators (e.g. coal, hydro, etc. 
instead of electricity). In this calculation LEAP assumes that each final fuel gets a 
proportion of the average mix of supply side processes in each year. It does not 
distinguish between demand side technologies that operate at on- and off-peak, perhaps 
with a different mix of supply side technologies. 


At its simplest (if you click on the top level demand branch) the results of this category 
should be similar to those shown for Resources: Primary Requirements 
category. However, the results may differ. In particular if you have systems with export 
requirements, then the two results will not be the same. This is because the requirements 
shown under the resources category accounts for all system requirements (including the 
fuels needed to meet export demands), while the requirements shown under the demand 
category shows only the primary energy required to meet domestic demands. Base year 
statistical differences and stock changes may also cause differences in the results. 
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When your data set includes analysis of co-production within the demand branches - for 
example when modeling combined heat and power (CHP) systems that consume a 
feedstock fuel such as natural gas while producing heat and electricity - you will also see 
another result category: Demand Co-production: which shows the production of the co- 
product (a negative demand). 


Demand Co-Production 


This results category displays the amount of energy co-produced in one or more demand 
branches. Results can be shown organized by branch, fuel, scenario, year and region (in 
multi-regional areas). 


This category is used to examine results in areas that have co-production of energy 
modeled within the demand branches - for example when modeling combined heat and 
power (CHP) systems that consume a feedstock fuel such as natural gas while producing 
heat and electricity. Note that only technology branches created as part of a useful 
energy analysis can have co-products. 


Three different results categories are available to examine co-production: 
e Gross Final Fuel demand: which shows final consumption only. 
e Net Final Fuel Demand: which shows consumption minus co-production, and 


e Demand Co-production: which shows the production of the co-product (a 
negative demand). 


Useful Energy Demand 


This results category displays the useful demand for energy in one or more demand 
branches. Results can be shown organized by branch, fuel, scenario, year and region (in 
multi-regional areas). 


Useful energy demand is only calculated in branches in which you have conducted a 
useful energy analysis. It is the amount of heat or useful energy service delivered, which 
normally less than the final energy content of the fuels being consumed due to losses in 
the final devices that use each fuel. 


Load Shape 


This results category complements the net final fuel demand report (which shows annual 
energy demands) by showing the shape of the load (in power units) summed across 
different demand branches for the various Time Slices defined for your area. This report 
is only available if you have chosen to specify an endogenously calculated load 
shape. You can specify this on the Loads tab of the General: Basic Parameters 
screen. Load shapes can be viewed for detailed end-uses, or for more aggregate 
subsectors, sectors or for demand as a whole. Use the tree to view load shapes at 
different levels of aggregation. 
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Views 


Typically you will view this report by showing time slices on the X axis and branches on 
the legend of chart. You can also use the animation feature to see how the load shape 
evolves from one year to the next. 


Stocks 


This results category displays the number of devices or vehicles in one or more demand 
branches. Results can be shown organized by branch, scenario, year, vintage and region 
(in multi-regional areas). Stock is defined as the number of vehicles or devices existing 
in a given year. To be able to view stocks by vintage (i,e. categorized by the year in 
which the device was originally added) go to The General: Basic Parameters screen. and 
ensure that "Save Stock Vintages" is checked on the Stocks tab. 


Stocks and Sales results are only available for those branches where you are conducting a 
stock analysis or a transport analysis. To set up a stock analysis or a transport analysis, 
go to the Methodology tab on the Properties screen for each applicable technology branch. 


Sales 


This results category displays the number of devices or vehicles sold (i.e. added to the 
stock) in one or more demand branches. Results can be shown organized by branch, 
scenario, year and region (in multi-regional areas). 


Stocks and Sales results are only available for those branches where you are conducting a 
stock analysis or a transport analysis. To set up a stock analysis or a transport analysis, 
go to the Methodology tab on the Properties screen for each applicable technology branch. 


4.3.1.2 Statistical Differences 


In the tree, two additional top level branch categories labeled Stock Changes and 
Statistical Differences are visible only if you place a checkmark next to the option 
Statistical Differences and Stock Changes", on the Default tab of the General:Basic 
Parameters screen. 


Statistical Differences reports the differences between final consumption values and 
energy demand data. The values will be added to the final demand values calculated in 
your Demand analysis, and will also appear as a row in the energy balance view between 
the Demand and Transformation sections. A positive value indicates an increase in 
energy demand and a negative value a decrease. 


4.3.1.3 Transport 


New Vehicle Rated Fuel Economy 


This results category displays the rated fuel economy (in miles per gallon) for new 
vehicles added to the stock in each year. Results can be shown organized by branch, 
scenario, year and region (in multi-regional areas). 
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This category is only available for those branches where you are conducting a transport 
analysis. To set up a transport analysis, go to the Methodology tab on the Properties 
screen for each applicable technology branch. 


The new vehicle rated fuel economy simply shows the data you specified in the Fuel 
Economy variable. This data is combined with the fuel economy degradation profile 
data and processed in LEAP's stock turnover calculations to yield the stock average 
rated fuel economy. Finally, this value is multiplied by the fuel economy correction 
factor to yield the stock average on-road fuel economy result. 


The Fuel Economy Correction Factor variable is primarily useful when modeling U.S. 
vehicles in which the data on fuel economy provided by the Federal Government reflects 
a level of fuel economy that can be achieved in laboratory tests. Typically this value is 
higher than real-world levels of fuel economy that can be achieved on the road. A 
correction factor of about 0.8 is generally used to convert from "rated" to "on-road" fuel 
economies. Keep the default correction factor of 1.0 if your original fuel economy data 
reflects on-road conditions. 


Stock Average On-Road Fuel Economy 


This results category displays the stock average on-road fuel economy (in miles per 
gallon) for all vehicles that exist in each year. Results can be shown organized by branch, 
scenario, year and region (in multi-regional areas). 


This category is only available for those branches where you are conducting a transport 
analysis. To set up a transport analysis, go to the Methodology tab on the Properties 
screen for each applicable technology branch. 


The data you enter for new vehicle rated fuel economy is combined with the fuel 
economy degradation profile data and processed in LEAP's stock turnover calculations 
to yield the stock average rated fuel economy. Finally, this value is multiplied by the 
fuel economy correction factor to yield the stock average on-road fuel economy result. 


The Fuel Economy Correction Factor variable is primarily useful when modeling U.S. 
vehicles in which the data on fuel economy provided by the Federal Government reflects 
a level of fuel economy that can be achieved in laboratory tests. Typically this value is 
higher than real-world levels of fuel economy that can be achieved on the road. A 
correction factor of about 0.8 is generally used to convert from "rated" to "on-road" fuel 
economies. Keep the default correction factor of 1.0 if your original fuel economy data 
reflects on-road conditions. 


Vehicle Mileage 


This results category displays the annual distance travelled (in miles or kilometers) for 
the vehicles in one or more demand branches. Results can be shown organized by branch, 
scenario, year and region (in multi-regional areas). 
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Views 


Vehicle mileage results are only available for those branches where you are conducting a 
transport analysis. To set up a transport analysis, go to the Methodology tab on the 
Properties screen for each applicable technology branch. 


Vehicle mileage is calculated based on the data you specify for the mileage of new 
vehicles and the mileage degradation profile you specify that describes how annual 
miles driven decreases as vehicles get older. These values are processed with LEAP's 
stock turnover calculations to yield the annual average mileage driven across the whole 
vehicle stock existing in each year. Finally, you can also specify a mileage correction 
factor which is used to adjust the mileage value calculated for the total vehicle 
stock. This correction factor can be useful if you wish to create a model that examines 
driving rebound effects in which the miles driven in ALL vehicles (not just new vehicle) 
are responsive to certain policy variables such as the cost of gasoline. 


4.3.1.4 Transformation 


Requirements 


This results category displays the energy requirements on a given Transformation 
module. In other words the amount of energy the module "sees" or is asked to 
produce. Notice that the amount of energy actually produced by a Transformation 
module is shown in the Outputs report and may be more or less than the requirements 
depending on the capacity of the module and the process dispatch options you have 
chosen. Results can be shown organized by branch, scenario, year, fuel and region (in 
multi-regional areas). 


Inputs 


This results category displays the annual feedstock energy consumed by a given 
Transformation module. Results can be shown organized by branch, scenario, year, fuel 
and region (in multi-regional areas). 


Outputs 


This results category displays the annual energy produced by a given Transformation 
module. In the case of an electric generation module, this corresponds to the level of 
generation. Results can be shown organized by branch, scenario, year, fuel and region (in 
multi-regional areas). 


Unmet Requirements 


This results category displays the amount of unmet energy requirements (if any) for a 
given Transformation module. 


Capacity 


This results category shows the capacity of the processes in a given Transformation 
module. In electricity generation modules, capacity is shown in megawatts or similar 
units. This variable is only reported if you have specified capacity data for the 
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module. Results can be shown organized by branch, scenario, year and region (in multi- 
regional areas). You can also separately view the capacity that resulted from the 
exogenous and endogenous methods of specifying capacity expansion in LEAP. 


You can also separately view capacity additions and capacity retirements in any given 
year. 


NB: Capacity results are always shown in terms of production capacity even if you chose 
to specify capacity data in terms of consumption in the analysis view. 


Efficiency 


This category shows the percentage ratio of energy outputs (not including any co-product 
energy recovered) to feedstock energy inputs in each process. All efficiencies must be 
greater than zero. 


This result is a simple echo of the data entered in the efficiency variable. 


Imports Into Module 


This results category displays the amount of energy imported at a given Transformation 
module. Results can be shown organized by branch, scenario, year, fuel and region (in 
multi-regional areas). Imports can result from a number of different situations: 


e You can specify an import target for the module. This is a target level of imports 
that will occur before any of the processes in the module are actually 
dispatched. Thus when specifying target imports, be aware that they may prevent 
the module from operating. Target imports can be a useful way of simulating 
how the demand in geographically remote areas are met. For example, a region of 
a country may be so remote that its requirements for oil products are always met 
via imports, regardless of how much spare capacity exists in a country's oil 
refineries. 


e Imports may also be used to fill gaps in supply when the module is unable to meet 
all the requirements on it, perhaps due to capacity limitations. To enable "gap 
filling imports, go to the Output Properties screen and select "Import Fuel to Meet 
Shortfall" for the relevant output fuels of a module. 


Exports from Module 


This results category displays the amount of energy exported from a given 
Transformation module. Exports can result from a number of different 
situations: Results can be shown organized by branch, scenario, year, fuel and region (in 
multi-regional areas). 


e You can specify an export target for the module and the module will produce to 
meet this target along with any domestic requirements on the module. 
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e The module may produce surplus amounts of certain output fuels. On the Output 
Properties screen you can tell LEAP whether this surplus production is to be 
exported or wasted. 


Reserve Margin (%) 


This results category shows the amount of reserve margin in a given module. This 
variable is generally only relevant for electricity generation modules. This variable is 
only reported if you have specified capacity data for the module. Results can be shown 
organized by branch, scenario, year and region (in multi-regional areas). 


Reserve margin is defined as follows: 
Reserve Margin (%) = 100 * (Module Capacity - Peak Load) / Peak Load 
Where: 
Module Capacity = Sum(Capacity * Capacity Value) for all processes in the module. 


Peak load is calculated based on the requirements for electricity and the module load 
factor (which may itself be based on the shape of a module load curve). Electricity 
requirements are calculated based on your energy demand analysis and any upstream 
electricity losses (for example in a Transmission and Distribution module). 


Reserve margin may not be the same as the data you entered for the Planning Reserve 
Margin. Assuming that you have specified certain processes that will be added 
automatically using the Endogenous Capacity screen, then the actual reserve margin 
reported here should be greater than or equal to the planning reserve margin. This is 
because LEAP automatically adds new plants as needed in order to keep your reserve 
margin on or above your planning reserve margin. On the other hand, if plants are not 
being added automatically and if you have not exogenously specified sufficient capacity 
expansion, then it is possible that the actual reserve margin may fall below the planning 
reserve margin. 


Peak Power 


This results category shows the peak power output for a given module. This variable is 
generally only relevant for electricity generation modules and is shown in megawatts or 
another power unit. This variable is only reported if you have specified capacity data for 
the module. Results can be shown organized by branch, scenario, year and region (in 
multi-regional areas). 


Peak load is calculated based on the requirements for electricity and the module load 
factor (which itself is based on the shape of the load curve). Electricity requirements are 
calculated based on your energy demand analysis and any upstream electricity losses (for 
example in a Transmission and Distribution module). 
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Actual Availability (%) 


This result shows for each process the ratio of the actual energy produced in one year to 
what the process would have produced if running at its full rated capacity over the whole 
year (expressed as a percentage). This variable is only reported if you have specified 
capacity data for the module. Actual availability is constrained to be less than or equal to 
the data you specify for the Maximum Availability. 


Maximum Availability (%) 


This result is a simple echo of the data entered for the Maximum Availability 
variable. This variable is only reported if you have specified capacity data for the 
module. 


Load Factor (%) 


This results category shows information about the level of usage of a module's 
processes. Load factor is defined as follows: 


Load Factor = Total Output (MWh/yr.) 
Maximum System Load (MW) x 8760 (hr/year) 


This results is generally only applicable for electricity generation modules. This variable 
is only reported if you have specified capacity data for the module. 


Use the Module Properties screen to specify whether or not you want to enter system load 
information, and to specify whether you want to specify peak load information in the 
form of a detailed System Load Curve or directly as a load factor. It is strongly 
recommended that you fully specify a system load curve whenever possible. 


Power Dispatched 


This results category gives a detailed report of how processes (power plants) were 
dispatched to meet the power requirements on a module in the various Time Slices 
defined for your area. It is shown in megawatts or another power unit. Typically you 
will view this report by showing time slices on the X axis and branches on the legend of 
chart. You can also use the animation feature to see how the dispatch of processes 
evolves from one year to the next. 


Assuming that most of your processes have their Process dispatch rule set to dispatch "In 
Ascending Merit Order" then the display will be easiest to read if you sort the process 
branches by merit order with the base load plants at the bottom and the peak load plants 
at the top. In this way you will be able to see the base load plants stacked at the bottom 
of the chart and the peak load plants (if they get dispatched) stacked above. 


Module Balance 


This results category summarizes the balance between the various energy requirements 
and outputs of a module. Requirements and exports are shown as negative values while 
outputs, imports, co-production and unmet requirements are shown as positive values. 
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In most circumstances, the positive and negative values will exactly counter-balance each 
other. However, bear in mind that in cases where there is surplus production (e.g. when 
dispatching a process to its full capacity regardless of requirements or when producing 
co-products regardless of requirements) then the outputs (positive) will be greater than 
the requirements (negative). Note also that outputs + imports may be less than 
requirements. In this case a further category will appear showing "unmet 
requirements". Bear in mind that requirements that remain unmet in one module may 
ultimately be met by a module lower down in the tree. 


This results category can be a very useful debugging report for understanding the 
behavior of a module. In particular, you ma find it useful to show this category as a chart 
in two different arrangements: 


e Fuel by Balance Category (for a given year) and 
e Balance Category by Year (for one or all fuels) 


4.3.1.5 Resources 


Primary Requirements 


This results category shows the primary energy requirements in the area. Results can be 
shown organized by branch, fuel, scenario, year and region (in multi-regional areas). 


Indigenous Production 


This results category shows the amount of indigenous production of primary 
resources. Results can be shown organized by branch, scenario, year, fuel and region (in 
multi-regional areas). 


Imports 


This results category shows the amount of imports of primary resources and secondary 
fuels into each region. Results can be shown organized by branch, scenario, year, fuel 
and region (in multi-regional areas). In addition in multi-region areas you can see total 
imports into a region as well imports coming from beyond the area (i.e. not from the 
other regions included in the area) 


Exports 


This results category shows the amount of exports of primary resources and secondary 
fuels from each region of your analyzed area. Results can be shown organized by branch, 
scenario, year, fuel and region (in multi-regional areas). In addition in multi-region areas 
you can see total exports from each region as well exports being sent beyond the area (i.e. 
not to the other regions included in the area). 
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Self-Sufficiency (%) 


This results category shows the percentage ratio of indigenous production to total 
resource requirements. 


Reserves 


This results category shows the remaining reserves of depletable fossil fuels. Results can 
be shown organized by branch, scenario, year, fuel and region (in multi-regional 
areas). Results can be shown organized by branch, scenario, year, fuel and region (in 
multi-regional areas). 


Stock Changes 


In the tree, two additional top level branch categories labeled Stock Changes and 
Statistical Differences are visible only if you place a checkmark next to the option 
Statistical Differences and Stock Changes", on the Default tab of the General:Basic 
Parameters screen. 


Stock Changes reports the supply of primary energy from stocks. Negative values 
indicate an increase in stocks. Values are added to the total primary supply of the fuel, 
and will also appear as a separate row in the energy balance view between the 
Transformation and Resource sections. 


4.3.1.6 Costs 


This results category shows costs of your scenarios. Cost results are only available if you 
have specified cost data and if you have switched on the costing analysis in the General: 
Basic Parameters: Scope screen. Results can be shown organized by branch, scenario, 
year and region (in multi-regional areas). You can also view cost results by each 
different type of cost element including: 


e Demand costs (capital and operating and maintenance costs) including costs 
specified as costs of saved energy. 


e Transformation capital, and fixed and variable operating and maintenance costs. 
e Indigenous resource and import costs. 
e Export benefits.(negative costs) 
e Environmental externalities. 
4.3.1.7 Environmental Results 
You can display results for any of the effects for which you have specified environmental 


loadings. Results can be shown organized by branch, fuel, scenario, year and region (in 
multi-regional areas). Environmental effect results are only available if you have 
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checked "Energy Sector Environmental Loadings" in the General: Basic Parameters: 
Scope screen. 


In addition to specifying results for an individual effect, you can also show the combined 
global warming potential (GWP) of one or more greenhouse gases. In addition to 
selecting different measurement units, GWP results can be shown measured in two 
different ways: in terms of the equivalent amount of Carbon (C) or Carbon Dioxide 
(CO2). Reports measured in terms of CO2 are simply a factor of 44/12 larger than those 
measured in terms of Carbon. The global warming potentials of each pollutant can be 
edited on the Effects screen and default to the standard values recommenced for a 100 
year integration by the IPCC. You can also display multiple effects in a single result 
report using an indexed format report. 


When showing GWP reports you have two further choices: 


e GWP - Shown at Branches Where Emissions Occur: shows the emissions 
arising from the combustion of fuels in the Demand and Transformation branches, 
along with emissions (or sinks) in the non-energy sector branches. In other words, 
emissions arising directly from the combustion of fuels in a demand branch are 
shown at the demand branch. Emissions arising from activities in Transformation 
modules are shown at those Transformation modules. 


e GWP - Energy Sector Emissions Allocated to Demand Branches: allocates the 
emissions occurring in the various Transformation modules back to the various 
demand branches. In this type of report emissions from sectors that generate 
secondary fuels such as electricity are allocated back to the demand-side branches 
in which the electricity is finally consumed. Similarly, emissions from oil 
refining are allocated back to the demand-side branches where oil products are 
finally consumed. Transformation emissions are allocated to demands based on 
the fraction of the total final fuel consumption that occurs at each demand 
branch. GWP emissions that occur directly at demand branches are also included 
in this type of report. NB: This results category is, by definition, only available at 
demand branches. 


This latter type of report can be useful for seeing the full lifecycle emissions of 
various demand sectors. For example, the household sector may appear more 
important versus the transport sector in the second type of report since that sector 
involves a lot of electricity consumption, the emissions for which are calculated in 
the Transformation modules. 


NB: this second type of report is only available if you have checked "Allocate 
primary energy and Transformation emissions back to demands" in the 
General: Basic Parameters: Scope screen. 


Finally, for GWP reports you can choose between a 100 year or a 500 year time horizon. 
Based on the time horizon you select, LEAP uses different sets of global warming 
potentials for the non-CO2 gases that reflect the relative potential of the gas over each 
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period. For example, methane has a 100 year GWP of 23, but a 500 year GWP of only 
7. Since GWPs are always expressed relative to carbon dioxide, the GWP of Carbon 
Dioxide is set to 1.0 for both the 100 year and 500 year time horizons. Note that GWP 
factors can be edited (for example if the IPCC decides to revise them in the future), by 
visiting the Effects screen. 


4.3.2 Diagnostics 


During its calculations, LEAP performs a number of different checks on your data set. 
These outcome of these checks are reported as diagnostics messages, which are displayed 
on the Diagnostics tab of the Detailed Results View. The Diagnostics messages are 
displayed in table form showing the branch, scenario and year for which the message was 
generated. When no diagnostic messages are generated, the Diagnostics tab is not visible. 


Two different type of checks are conducted: 


1. Consistency Checks: LEAP looks for common errors such as (a) whether all of 
the fuels specified in your demand analysis are produced in your Transformation 
analysis; (b) whether your Transformation analysis is producing fuels for which 
there are no requirements, (c) whether Transformation modules are incorrectly 
ordered (for example if Transmission and Distribution is placed below Electric 
Generation), and (d) whether Demand branches are not fully defined. 


2. Checksum Validation: If you enter checksums for the level of final demand or 
primary requirements for fuels on the Calculation Checksums screen, LEAP will 
validate that its calculated demand and primary requirements match those 
checksums. Deviations from those checksums will be reported in the Diagnostics 
screen. 


Note that some diagnostics measures will appear as warnings (“4), since they clearly 
represent a problem, while others will be shown only as informational messages (@). 


Use the Diagnostics messages to interactively debug your analysis. Double-click on a 
message to directly switch-back to the Analysis View with the cursor placed on the 
relevant tree branch. 


4.3.3 Maps 


In addition to using charts and tables to display results, in multi-regional areas you can 
also optionally display LEAP results on a color code GIS (Geographical Information 
System) map. 
Maps in Results View are only available if certain conditions are met: 

1. You have installed LEAP's optional mapping components. 

2. You are working on a multi-region area (i.e. one with more than one region). 


3. You have chosen a GIS "shape" file in the General: Basic Parameters: Mapping 
screen. 
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4. You have mapped the regions in your Area to the shapes in the GIS "shape" file 
on the General: Regions screen. 


If these conditions are met, the Results View will display an extra tab labeled Map. Click 
this tab to see any results variable displayed on a color coded map for a given year. 


The Map screen shares the same basic controls for selecting results as the Chart and 
Table screens including the Tree on the left of the screen, the units selection boxes 
immediately to the left of the map and the toolbars used to the type of results to be 
displayed. 


The Map screen is divided into 3 parts. 


1. The main map pane is displayed on the left of the screen. To zoom-in on the 
map (4), left-click the mouse and drag to select a rectangular shape, or simply 
hold down the Ctrl key and left-click the mouse. To zoom out (&), hold down 
the Ctrl key and right-click the mouse. Alternatively, use the toolbar below the 
main map to zoom in, zoom out, or zoom to the maps full extent 9). You can 
also select these actions by right-clicking on the map to display the map popup 
menu. Hold down the Shift key and left-click and drag to pan to a different part 
of the map in the main map pane. 


2. The legend is shown on the top-right part of the screen. The legend indicates the 
values associated with each color used on the map. Use the toolbar below the map 
to choose the number of value divisions used to color the map or to select a 
different color palette (®). 


3. The inset map pane is shown on the bottom-right part of the screen. This small 
map indicates gives you a birds-eye view of the full extent of the map. A red box 
drawn on the inset map indicates the part of the map that is currently selected. As 
you zoom-in or zoom-out of the map, the red box will be redrawn. You can also 
click and drag the red box to pan to and display a different part of the map in the 
main map pane. Alternatively use the zoom-slider bar below the inset map to 
zoom in or zoom out. 


The main options used to control the look of the map are collected on the toolbar shown 
below the main map pane. These options let you 


iZo0om the main map pane to the full extent of the map. 
4Zoom in the main map pane. 
Zoom out the main map pane 


e Image: Show or hide the maps background image. This option is only enabled 
if you have first selected a background image layer on the General: Basic 
Parameters: Mapping screen. 

e Labels: Show or hide the labels associated with the map regions. Note that 
labels are only displayed for the map shapes linked to LEAP regions. Go to 
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the General: Basic Parameters: Mapping screen to select the field in the shape 
file that contains the shape labels. 


Fonts: Select the size and typeface of the fonts used to display labels on the 
map. 
Colors: Select the palette used to display the results on the map. 


Divisions: Select the number of value divisions on the map. Each division 
corresponds to an item in the map legend. The divisions are spaced equally 
between the maximum and minimum results values. 


“ECopy: Copies the part of the map shown in the main map pane to the 
Windows Clipboard. 


‘SPrint: Prints the part of the map shown in the main map pane. 


(@IPowerPoint: Copies the part of the map shown in the main map pane to a 
Microsoft PowerPoint slide. 
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4.4 Diagram View 


LEAP: Freedonia 


Area View Edit General Help 
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Registered to: tellus institute 


The Diagram view displays a Reference Energy System (RES) diagram showing the main 
energy flows in your Area from resource extraction, through the conversion and transport 
of fuels, through to final energy demand. As you edit Transformation data structures 
either in the Analysis View or in the Diagram View (e.g., adding or deleting modules, 
processes and fuels), the Diagram View is automatically updated. 


The gray labeled nodes on the right of the RES diagram show the indigenously produced 
primary resources in your area (the diagram does not currently display imports or 
exports). The colored nodes in the center of the diagram show the modules in your 
Transformation system On far left of the diagram is a node representing final demands. 
The colored lines on the RES show the individual primary input fuels (feedstocks) to 
each module. They also show how secondary energy produced by each module is 
consumed either in another module or by final demand. Note that to prevent the diagram 
becoming too complex, secondary fuels produced in the system are not displayed 
individually, but are aggregated into a single colored line. Lines on the diagram are color 
coded to show the modules to which they are connected. 


From the top level RES diagram, you can double-click on a node to zoom-in and examine 
the processes within each Transformation module including their input and output fuels. 
Alternatively click on the zoom button (“&). When examining a module diagram, double- 
clicking on a particular process will open that process in the Analysis View. 
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By default, the diagram is scaled to fit the window. If you resize the window, click on the 
Fit to Screen button to resize the screen. Use the Scaling control on the toolbar to resize 
the diagram to other sizes. Click Copy (!"£) to copy the diagram image to the Windows 
clipboard, and Print (“) to print/preview the diagram. Click the PowerPoint button (=) 
to add the diagram as a slide to a Microsoft PowerPoint presentation. 
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4.5 Energy Balance View 


Energy Balance for: Freedonia 
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The energy balance view displays a summary of energy consumption, conversion and 
production for any calculated scenario and any year in the Area you are studying. 


The energy balance view provides a number of tools for configuring the tables, charts and 
diagrams. Options include the ability to select the scenario, year and region to be 
displayed, to change the energy units in which results are reported, to change the colors 
of the chart and diagram (®), and to increase (“60) and decrease (#:0) the number of 
decimal places in which values are shown. The toolbars contain the controls for setting 
these options. Using the appropriate toolbar buttons, you can print (**), export the table 
to Microsoft Excel (28) or add the chart or energy flow diagram to a Microsoft 
PowerPoint presentation (=) When displaying results by fuel, fuel grouping, or region 
a slider control is shown at the foot of the energy balance. Use this to quickly select 
among different years. 


Energy balances can be displayed as a standard format Energy Balance Table, a chart, 
or an energy flow diagram. These are further described below: 


1. The Energy Balance Table 


In table form, the energy balance is divided into 3 main vertical sections as shown in the 
adjoining diagram. 
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Indigenous Production (+) A, 
Ir ports (+) 5 
Exports [-j Cc 
Resources D=A+8+C 
Transformation (outputs - inputs) E 
Demand F=D+E 


1. Resources: The first section shows primary resource requirements and contains 
three rows: indigenous production, imports and exports (shown as negative values 
by convention). 


2. Transformation: The second section shows the energy consumed and produced 
during the conversion of primary resources into secondary fuels, as well as the 
energy lost during the transportation and distribution of fuels. Each row 
corresponds to a Transformation module (listed in reverse of the order shown in 
the Analysis View). Energy inputs to a module are shown as negative values, 
outputs are shown as positive values, and the net losses from each module are 
thus shown in the "total" column on the far right of the balance. 


3. Demand: The third section shows final demands in the Area. Each row of the 
balance shows the sum of final demand in one of the top level branches of the 
demand tree (i.e. a sector). 


Two additional rows labeled Stock Changes and Statistical Differences are visible for 
Current Accounts only if you place a checkmark next to the option "Base Year Statistical 
Differences and Stock Changes", on the Default tab of the Basic Parameters screen, and 
subsequently enter the corresponding data. 


By default, the columns of the energy balance table are the aggregate fuel groupings 
defined in the Fuel Categories screen. The rows in the energy balance can be reordered 
using the reorder buttons on the Fuel Categories screen (General: Fuel Categories). You 
can also display detailed fuels, years or even regions as the columns of the energy 
balance table. When showing years or regions, the energy balance shows the total energy 
flows summed across all fuels. 


2. The Chart 


The chart form of the energy balance shows a more aggregate representation of the data 
shown in the energy balance table. It consists of two side-by-side horizontal bar charts. 
The chart on the left shows final and secondary energy consumption broken down into 
final demand, export and secondary consumption components. The chart on the right 
shows energy supplies broken down into indigenous production, import and secondary 
production components. By default, each bar in the chart corresponds to a fuel grouping, 
although as with the table form of the balance, you can also display years or fuels as the 
bars in the chart. 
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3. The Energy Flow Diagram 


Somewhat similar to a standard energy balance table, the energy flow diagram (shown 
below) displays the flows of energy through an area from primary resources (indigenous 
production and imports), through each Transformation module, to final demand and 
exports. Typically, energy flows are displayed for each fuel or fuel grouping. Each fuel 
is displayed as a column, while major resource, Transformation and final demand 
categories are displayed as rows. You can also use the flow diagram to display total 
energy flows for each region or year (summed across all fuels). 


Energy flows are displayed as colored boxes, with the width of the box proportional to 
the annual flow of energy. Empty boxes are drawn in 4 situations: 


1. Where losses occur in a Transformation module (e.g. losses during electric 
generation or transmission and distribution), or 


2. a fuel is consumed as a feedstock or auxiliary fuel in a Transformation module 
(e.g. crude oil is consumed in an oil refining module), or 


3. a fuel is exported from the system, or 
4. ademand remains fully or partially unmet. 


The boxes decrease in size from one module to the next (reading down) where one of the 
above situations occur, but increase in size in the following situations: 


1. Where a new fuel is produced as a result of a module operating (e.g. electricity is 
produced in an electric generation module). 


2. Fuel is indigenously produced or imported into the system. 
The energy flow diagram is very similar to the Reference Energy System shown in the 
Diagram View. However, unlike the diagram view it shows flows of energy for any 


given scenario or year, making it a much more useful view of results. 


Note also that, unlike a standard energy balance table, in the energy flow diagram exports 
are shown as a class of final demand, rather than as a class of primary production. 
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4.6 Summaries View 
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The summaries view is a general purpose tool with which you can create your own 
customized tabular and graphical reports. Reports can include any data or results values 
as well as your own commented headings. Reports consist of rows, each of which 
displays either a heading or one variable for a given branch in the tree and columns which 
can be configured to display either years or scenarios. Each report can be viewed as either 
a table or chart, by clicking Chart and Table tabs at the top of the screen. 


The summaries view is also used to access the special cost-benefit summary report, 
which summarizes the costs and benefits of scenarios compared to a chosen baseline 
scenario. This special report cannot be deleted, and you cannot alter its rows. 


Click on the Manage Summaries option to create any number of named summary reports. 
Then use the Summary selection box to select among the various summary reports. 


Use the following options to work with individual reports: 
4FAdd: Click to add a new branch/variable combination as a row of the report at 
the cursor position. A three-step wizard will be displayed from which you pick a 


branch, a variable and a unit. 


= Delete: Click to delete the currently highlighted row of the report. Note that you 
will not be deleting any data, you will only be removing the row from the report. 
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Blank Row: Click to insert either a blank (spacer) row in the report, or to insert a 
labeled subheading. You will be prompted to enter text for the heading. Leave this 
blank to enter a blank row. 


‘Fup: Click to move the current row up. 
Down: Click to move the current row down. 


Long Names: Click to toggle long or short branch names in the summary report. 
Short names contain just the label associated with a particular branch, while long 
names include the full path of the branch (i.e. including the names of higher level 
branches in the tree). 


Columns: Use the two Columns selection boxes to select all or selected years or 
scenarios as the rows of the report. Notice that only scenarios marked for 
calculation in the Manage Scenarios screen are available. When displaying years as 
columns, a further selection box will be displayed in which you select a scenario to 
be displayed in the report. Similarly, when scenarios are the columns, a further 
selection box will be displayed in which you select a year to be displayed in the 
report. 


In addition to these options, you can use the toolbars on the right of table and chart to 
increase (60) or decrease (+0) the number of decimals displayed in a table, to change the 
table font (mh), to export tables to Excel (sh, to print and preview tables and charts (&S), 
to copy charts and tables to the Windows clipboard (=), and to export charts to 
PowerPoint ((@)). 


4.6.1 Cost-Benefit Summary Report 


The cost-benefit summary report is a specially designed summary report, available from 
the Summaries View screen. As such it cannot be deleted, and you cannot alter its rows. 


The cost-benefit summary report view displays a comparative overview of the costs and 
benefits of each calculated scenario in your analysis, compared to a chosen baseline 
scenario. Typically you will choose a scenario representing a "business as usual" set of 
policies to act as the baseline (counter factual) scenario. 


The summary displays a tabular report showing the incremental total cumulative costs of 
each calculated scenario summed across all of the study years, with each cost discounted 
to the base year at the user-specified discount rate. You can change the default discount 
rate to see how this effects the cost-benefit calculations. You can also change the 
monetary unit in which the summary is reported. Use the Units menu option to create 
your own currency units. 


The cost summary shows costs and benefits for each Demand sector, and each 
Transformation module, as well as the those derived from the indigenous production, 
import and export of fuels and resources in the Area. It also shows total costs for the 
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system as a whole and the overall benefit/cost ratio of each scenario. The cost summary 
will also optionally compare the environmental externality costs of each scenario. If you 
want to include these costs, make sure that you check off "Include Externality Costs" on 
the costing tab of the Basic Parameters screen, accessed from the main menu. To edit the 
externality values assumed for each pollutant, go to the Effects screen. 


Costs relative to the baseline scenario are shown as positive values, while benefits are 
shown as negative values, It is important to remember that costs are only incurred when 
there are physical differences between scenarios AND when unit costs for those 
differences have been entered. Thus, it is possible for scenarios to differ physically but 
not in terms of costs, if you forget to specify (for example) the unit cost of resources or 
the unit cost of generating capacity. Thus, be sure to enter all appropriate unit costs in the 
Demand, Transformation and, Resource data entry tables before using the cost summary. 


At the bottom of screen, the cost summary displays the total cumulative emissions of all 
greenhouse gases avoided by each scenario (shown in terms of the global warming 
potential of those pollutants in tonnes of Carbon equivalent). By default, LEAP uses the 
100 year integration global warming potential factors suggested by the IPCC. You can 
change these assumptions, on the Effects screen. The cost summary also displays the 
overall cost of saving carbon emissions in each scenario (with and without the co-benefits 
of avoided emissions of non-greenhouse gas pollutants). Note that this value reflects the 
discounting of both costs AND carbon emissions. 


Note: the cost-benefit summary report can only be viewed when at least two scenario 
have been created. 


4.6.2 Manage Summaries [Ei Manage Summaries Sele 


The Manage Summaries screen is used to add, oP Add 

delete and rename summary reports. Use the ee 
Add button (iF) to add a new summary} cost-Senefit summary 
report (you will be prompted for a name). | Summary Report 

Use the Delete button (™) to delete a 
summary report. You can also rename reports 
by retyping their names in the table shown on 
screen. 


The cost-benefit summary cannot be deleted. 


Note: one report, the cost-benefit summary 
report is a specially designed summary report 
and cannot be deleted. 
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4.7 TED: The Technology & Environmental Database 


Analysts often need ready access to comprehensive and up-to-date data describing energy 
technologies. Such data are spread across a range of sources, which are not easily 
accessible, particularly to analysts in the developing countries. To address this problem, 
LEAP includes a Technology and Environmental Database (TED) that provides extensive 
information describing the technical characteristics, costs and environmental impacts of a 
wide range of energy technologies including existing technologies, current best practices 
and next generation devices. 


TED's Data Pages include quantitative data on the technology characteristics, costs, and 
environmental impacts associated with energy technologies. In addition, Information 
Pages review the availability, appropriateness, cost-effectiveness and key environmental 
issues for a wide range of energy technologies. 


The first version of TED includes data on approximately one thousand technologies, 
referencing reports by dozens of institutions including the Intergovernmental Panel on 
Climate Change, the U.S. Department of Energy, and the International Energy Agency, 
as well as by regional institutions who have developed data specific to energy 
technologies found in developing countries. TED can be used as a standalone tool or, as 
an integral part of LEAP, it can be used to calculate the environmental loadings of your 
energy scenarios. TED's own core database of emission factors can be edited or 
supplemented by a your own data. We hope that TED will be seen as an open, publicly 
accessible database, and we encourage you to contribute additional sources of data which 
you think would be of use to energy and environmental professionals in the developing 
countries. 


4.7.1.1 Tree 


The tree, which always appears on the left of the TED screen is a hierarchical outline 
used to organize and edit your TED data. The tree contains two types of branches: 


(Category branches are used mainly for organizing the other branches into 
hierarchical data structures. They contain no data, but can be associated with an 
information page. To do this, select the Branch Properties screen and type or 
browse for the file location (or URL) of the information page (an HTM or HTML 
file). 


“Technology branches contain the data on a particular technology. 


In most respects the TED tree works just like the ones in standard Windows tools such as 
the Windows Explorer. You can rename branches by clicking once on them and typing, 
and you can expand and collapse the outline by clicking on the +/- symbols to the left of 
each branch icon. Additional options to edit the tree can be accessed in a number of 
ways: 
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e By right-clicking on the tree and selecting an option from the pop-up menu that 
appears, 


e by using Tree menu (which contains an expanded set of options), 


e by clicking on the Properties (@®, Add (49) and Delete (=) buttons on the main 
toolbar, or 


e by using short-cut keys for the most common option (e.g. Alt-P for Properties, 
Ctrl-Ins to add a branch, Ctrl-Del to delete a branch, etc.). Valid short-cut keys 
are displayed on the main menu. 


4.7.2 Information Pages 


LEAP: Freedonia 
Area View Edit General Tree Help 
_) New Open | J Email Effects (IJ Units @ References +e (J) [7] (A © Help ly) What's this? 
to |S “Information | Data Summary | 
=) Energy Demand cad «» [C:\Yeap2000 eap2000 \ntml Demand Household and Service \Lighting.html 
#4) Industry : 
=) Households and S 1. Overview 
ay © Cooking Lighting merits particular attention as it plays Fa 
a 7 a very important social role in domestic life 
® (Cy Space Heating and in commerce and industry--enabling 
(CQ Water Heating activities at night or where natural lighting is 
(8 Appliances inadequate. As rural incomes increase, or as 
{© Building Shells people move to urban areas and gain greater 
= IPCC Tier 1 De access to modern fuels and electricity, 
{3 Coal Comm — || lighting services and the energy used to 
& Natural Gas provide them increase dramatically. 
3 Oil Comme 
& Wood Com Lighting technologies follow a fairly clear 
@ Charcoal ci technological progression in performance, 
&} Biomass Cc efficiency, and cost—going from the simple 
@} Coal Reside open fire. to kerosene wick or pressure 
& Natural Gas lamps. to the use of electric-powered 
@ ll Residen|ig|y| Mcandescent = or = finorescent | lamps. Hi 
@ Crude Oil R Consumers’ choices of lighting technologies We 
$ _ || largely follow the same progression as 
{3 Wood Resi eee . d 
jousehold imcomes imcrease and as 
&} Charcoal Ri 


; electricity becomes available (OTA 1992 
45} Biomass Re p.63). 


8 IPCC Tier 2 De Methane Lighting in China (NREL) 


(4 Agriculture Tmnrovements in lighting efficiency have a swmersistic imnact on other imnortant uses 
i >| 


Registered to: tellus institute 


In addition to its quantitative data, TED also includes information pages that review the 
availability, appropriateness, cost-effectiveness and key environmental issues for a wide 
range of energy technologies. TED Information pages are displayed on the right of the 
TED screen. Each TED branch can have one web page associated with it, and as you 
navigate through TED's branches on the left of the screen, different TED branches will be 
displayed on the right. 


Information pages are actually web pages stored on your PC's hard drive, which are 
displayed using the Internet Explorer web browser (which is fully integrated into LEAP). 
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Thus, in addition to navigating the pages using TED's tree, you can also standard web 
browser techniques to navigate the information pages, including the Back (@), Forward 


(=). 


Alternatively, you can use the links embedded in the text of the information pages. As 
you jump to other TED information pages, the cursor position in the TED tree will be 
updated to reflect the position in the tree of the new page. In some cases, these links will 
take you to pages on the Internet (i.e. pages that do not form part of the core TED 
information pages). You will require an Internet connection if you want to see these 


pages. 


For more flexibility, you can directly type any URL (uniform resource locator) in to the 
address box to view any web page on the Internet (e.g. http://www.seib.org/leap), or you 
can right-click on a page and select Browse Pages (ar) to open any web page (.htm 
or .html) on your PC or local area network. 


Finally, since the information pages in TED contains only a few basic browser controls, 
you can also right-click a page and select Open in Browser to open the current page in 
your current default web browser. 


4.7.3 Data Pages 


TED data pages contain quantitative information about a technology. Data screens are 
divided into resizable panes. At the top you see a screen in which you can view and edit 
the data. At the bottom you see a pane which is further vertically split into two resizable 
panes. On the left is a box for viewing and editing a set notes associated with each 
technology. On the right is a screen for associating one or more bibliographic references 
with each technology. To edit the notes, right-click and select Edit to display the notes in 
a larger window, which includes a basic set of word processing controls. Notes can 
include formatting (bold, underline, fonts, etc.) and can also include standard Windows 
"objects" such as spreadsheets. To edit the list of References, use the New (Ld, Add 
(SB)and Delete (=) buttons to link to the References database. 


The top pane consist of up to five tabs: 


e General: Use the General page to indicate what types of data are specified for 
each technology, and to specify basic information about the technology, such as 
its applicability (the country or region in which the technology is utilized), 
development status (current average best practice, prototype, next generation, 
etc.), lifetime and construction time. Depending on the what types of data are 
checked on the General page, some or all of the other data tabs will be displayed. 


e Energy Demand lists the fuels consumed, and the annual energy intensity of the 
technology. 
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4.7.4 


Energy Conversion: (available only for energy conversion technologies) lists the 
fuels consumed and produced by the plant as well as the efficiency, and capacity 
of the plant. 


Pollution Control Data (available only for pollution control technologies). For 
technologies such as scrubbers or filters designed to reduce emissions from other 
technologies, specify the fuels consumed in the technologies to which the controls 
are attached, and the loss of energy efficiency in the energy technology caused by 
attached control. Finally, using the Add (SF) and Delete (=) buttons, add one or 
more controlled effect to the pollutant reduction box, and specify how much of 
the uncontrolled emission is eliminated in percent. 


Costs lists the capital and operating and maintenance costs of a technology. 
Capital costs can be specified as either base or total capital costs (the latter term 
includes interest charges). 


Environment lists the environmental loadings associated with a technology; for 
example how much CO) is emitted per unit of fuel consumed, produced or lost. 
You can change the standard units in which the data is reported by right-clicking 
on the effect and selecting denominator units. For energy conversion technologies, 
you can also select the basis for measuring the effect (i.e., whether it is specified 
per unit of energy consumed, produced or lost) by right-clicking and selecting 
"Effects per Unit of..." Double-click an effect to view or edit each loading in 
more detail on the environmental loadings screen. Notice that you can specify 
environmental loadings in different units, and TED will report them back in 
standardized units (e.g., kg/TJ). When specifying environmental data for energy 
technologies, you may link to up to three pollution control technologies using the 
control technologies screen. 


TED Data Summary Page 


In addition to viewing individual TED data pages, by navigating the branches of the TED 
tree, you can also use the Data Summary page to get an overview of all technologies 
within a particular category. To use this feature, click a category branch in TED and then 
click the Data Summary tab, TED will then search its database and display the names of 
matching technologies displayed in the rows of the summary, along with key information 
about the technologies, such as the type of data available (environmental, cost, etc.), the 
applicability (global, developing world, United States, etc.), and the reference for the 
source of data. The data summary list can be sorted by clicking on the title of a column, 
and you can quickly jump to a technology by double-clicking on a row 
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4.7.5 Environmental Loadings Factors Screen 


Loadings for Technology: Natural Gas Residential 


Carbon Dioxide Non Biogenic 


Expression: | 15.3 * fractionoxidized * (co2/c) 


Result Quick Units: 
55.7811) \t | \of Natural Gas consumed v kg/TJ 


55781.0536 k | |of Natural Gas consumed Vv 


The Environmental Loading Factors screen displays one effect at a time for a given 
technology. Use the forward and back buttons at the top of the screen to move through 
the list of all effects defined for the technology. To add or delete effects, you will need to 
exit the screen and use the Add (SF) and Delete (=) buttons on the Environment tab of 
the TED data pages. 


Environmental loading factors can be specified as numeric values, or they can be 
specified as expressions that depend on the chemical composition of the fuels being 
consumed or produced. Click on the "..." button to use the Expression Builder tool to 
create expression-based loading factors. Typically, a loading will be an emission factor 
(e.g. kg of pollutant per GJ of energy consumed), but loadings can also be specified any 
other unit of direct environmental impact. 


Use the first row of selection boxes to choose the numerator units (e.g. pounds, kilograms 
or tonnes of pollutant) and denominator units (e.g. , BTUs, TJ, or TOE of energy 
consumed, produced or lost) in which the loading factor is to be entered. Loadings for 
energy supply technologies can be specified per unit of energy consumed, produced, or 
lost. Loadings for vehicles (for which an energy intensity per vehicle-km or per vehicle- 
mile are specified) can also be specified in those units. 


Use the second row of selection boxes to convert the loading into some other set of units. 
For energy supply technologies, you can convert emission factors between loadings per 
unit of energy consumed (e.g. kg/GJ or kg/Tonne) and loadings per unit of energy 
produced (e.g. kg/GWhr of electricity). Note that this feature requires that you specify the 
efficiency of the supply technology. Use the Quick Units buttons on the right to quickly 
select standard units. For vehicles, if you have specified an energy intensity per vehicle- 
km or per vehicle-mile, then you can convert loading factors between loadings per unit of 
energy consumed and loadings per unit of transportation service. 


When a technology is associated with one or more pollution controls (as specified on the 
Environment tab of the TED data pages), the Environmental Loading Factors screen will 
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also display the level of emission abatement from the selected controls, and the final 
controlled loading factor. 


4.7.6 TED Expressions 


You can specify environmental loadings in TED as either constant numeric values (e.g. X 
kg/ TJ of coal combusted) or you can base them on the chemical composition of the fuels 
being consumed or produced. This can be useful, for example, when you are entering 
data describing CO2 emissions from coal fired electricity generating plants. For this type 
of data the actual emissions will not simply depend on the quantity of coal consumed by 
the plant, but will also depend on the carbon content of the coal. TED allows you to enter 
an emission factor that accounts for this effect. The actual calculated emission loading 
and the values calculated in your LEAP scenarios, should you choose to link LEAP to 
this TED technology, will then properly reflect the carbon content of the type of coal 
used in your local area. Fuel compositions are edited on the Fuels screen (Main Menu: 
General: Fuels) 


To enter this type of emission factor, you need to specify a loading using a mathematical 
expression that references the chemical composition of the fuel. In this case the 
expression would be: 


Loading (kg CO: / kg of fuel consumed) = CarbonContent * FractionOxidized * (CO2/C) 


The CarbonContent and FractionOxidized terms are values stored in the LEAP fuels 
database, while the CO2 and C terms are constants. The advantage of this approach is 
twofold. Firstly, environmental loadings specified in this manner are automatically 
updated whenever the LEAP fuels database is updated - without the need to edit the data 
in TED. Secondly, one default set of effects is more generally applicable, even in 
different regions in where fuel compositions are markedly different. 


Use TED's Expression Builder screen to help specify these expressions. 
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4.7.7 TED Expression Builder 


Expression Builder: Carbon Dioxide Non Biogenic 


Variables | Molecular Weights 
SulfurContent Sulfur content of the fuel by weight (fraction) 
NitrogenContent Nitrogen content of the fuel by weight (fraction) 
AshContent Ash content of the fuel by weight (fraction) 
MethaneContent Methane content of the fuel by weight (fraction) 
MoistureContent Water content of the fuel by weight (fraction) 
EnergyContent Net energy content of the fuel (see fuels database for units) 
NetGrossRatio Ratio of net (lower) to gross (higher) heating value (combustible fuels only) 
Density Density (ka/liter) of the fuel 
FractionOxidized Default fraction of carbon oxidized during combustion (depends on technology) 
SulfurRetention Fraction of sulfur retained during combustion (combustible fuels only) 
NonEnergyCarbonSto... Fraction of Carbon in fuel permanently stored when used for non-eneray purpos... 


ry 


MPa BOAi +-*/%*%() 
15.3 * fractionoxidized * (co2/c) 


TED contains an Expression Builder tool (shown below) that helps you edit 
environmental loadings expressions in TED by dragging and dropping the potential 
variables and constants available in TED. You can access the Expression builder by 
clicking the "..." button attached to any TED expression. 


The screen of the Expression Builder is divided into two resizable panes. At the top are 
two tabs. One contains the list of Variables that can be included in the expression 
(carbon content, sulfur content, energy content, ash content, etc.), while the other 
contains the list Molecular Weight constants that can be referenced. At the bottom of the 
screen is an editing box, into which you can directly type to edit an expression or into 
which you can add an item from the top pane either by dragging-and-dropping or by 
double-clicking on an item. At the right of the editing box are a set of buttons that give 
quick access to the most common mathematical operators (+, -, *, /, 4, etc.). 


A toolbar at the top of the second pane gives quick access to the most common editing 
options such as Cut (8), Copy (Zh, Paste (), etc. When constructing an expression, 
you can check whether the expression is valid by clicking on the Verify button. Finally, 
when you have finished with the expression, click on OK to put the expression back into 
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the environmental effect data screen you came from, or click on Cancel to abandon the 
edit. 


4.7.8 Pollution Control Technologies 


When specifying environmental data for energy technologies, you may specify up to 
three pollution control technologies. These are technologies such as SOx scrubbers or 
particulate filters that are designed to reduce the emissions of some energy technology. 
Use the dialog to pick up to three control technologies from the those listed in the TED 
tree under the top level TED Pollution Control category. 


In situations, where no pollution controls are listed this means that either the energy 
technology has no pollution reduction controls, or that the controls are integrated into the 
energy technology so that the pollution reduction factor from the control cannot be easily 
distinguished (for example, in the case of cars with lean burn engines or catalytic 
converters). 


Each of the selected control technologies may affect one or more pollutants. In the rare 
installed cases where multiple controls effect a single pollutant, the emission reductions 
are assumed to be additive. In other words 


Emissione = UncontrolledEmissione x (1- ControlOneReduction, - 
ControlTwoReduction, - ControlThreeReduction, ) 


46 


Views 


4.8 Overviews View 
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The Overviews View is used to group together multiple "Favorite" charts (created earlier 
in the Results View) on screen. With Overviews, you can simultaneously examine 
different important aspects of the energy system, such as costs, environmental impacts, 
and resource requirements. The Overviews view is only accessible once you have saved 
one or more favorite charts, and created one or more scenarios. 


You can create multiple named Overviews, each of which can display up to 16 different 
charts. The first time you access the system, LEAP will display an overview containing 
all (up to a maximum of 16) of the favorite charts you have saved. At this point you can 
use the Overview Manager to select which favorite charts you want to include in your 
overview. You can also use the Overview manager to add a new overview and to rename 
and delete overviews. 


Double-click a chart, or click the zoom button (Ss) to switch to the Results View and 
display the currently selected chart. 


You can apply a number of formatting options across all charts shown in the Overview. 
Click on 3D to set the 3D effect for all charts. Click on legend (=) to show or hide all 
legends. 
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4.8.1 Overview Manager 


Use the Overview Manager 
(accessed from the Overviews 
Toolbar) to 


e Add (SF), delete (=) and 
rename (a) overviews, and 
to 


e quickly select which favorite 
charts are to be included in 
an overview. 


Use the selection box to select which 
overview you wish to manage, and 
then click the check boxes next to 
the list of favorite charts to include 
or exclude charts. When you click 
the close button, the edited 
overviews will be displayed on screen. 
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4.9 Notes 


LEAP: Freedonia 
Area View Edit General Tree Help 
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The notes screen is a simple word processing tool with which you can enter 
documentation and references for each branch of the tree. To edit the notes, either type 
directly into the Window, or right-click and select Edit to display a larger window with 
additional word-processing features. 


Notes can include formatting (bold, underline, fonts, etc.) and can also include standard 
Windows "objects" such as spreadsheets. Use the Print and Print All buttons (9) to print 
one or all of the notes or the Word buttons (Mh) to export one or all of the notes to 
Microsoft Word. The notes view is linked to the References database, providing a 
centralized facility for referencing your data and assumptions. To edit the list of 
References, use the New (Wd), Add (“F)and Delete (=) buttons. 
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5.1 The Tree 


The tree, which appears in the Analysis View, the Results View, and the Notes View is a 
hierarchical outline used to organize and edit the main data structures in a LEAP analysis. 
In the Analysis View you can edit the tree structure (for example, by right-clicking with 
the mouse on a tree branch, or by using the Tree menu options), and you also click on the 
tree to select the data you want to view and edit. In the Results View, you again use the 
tree, but this time as a means of accessing the various results calculated for different 
branches of the tree (for example energy demand in a particular sector or electricity 
production in different power plants). 


Data in the tree are organized under four major categories, which normally appear as the 
top level of branches in the tree: 


e Key Assumptions: under which you create and organize independent variables 
used to "drive" the calculations in your Demand, Transformation and Resource 
analyses. Key Assumptions are not directly calculated in LEAP, but they are 
useful as intermediate variables that can be referenced in your modeling 
calculations. 


e Demand: under which you create the disaggregated structure of your energy 
demand analysis. For more information, see: Demand Analysis. 


e Transformation: under which you create the structure of your Transformation 
analysis. Transformation analyses simulate the conversion and transportation of 
energy forms from the point of extraction of primary resources and imported fuels 
all the way to the point of final fuel consumption. As with your demand analyses, 
you can create alternative scenarios to represent different future Transformation 
configurations reflecting alternative assumptions about policies and technologies. 
Transformation data are defined at two main levels of detail. The module level 
represents energy industries or sectors such as electricity generation, refining, 
district heating, or charcoal production. Below each module, you describe the 
individual processes within a module such as particular electric power plants or 
oil refineries, and the output fuels produced by the module. At the module level, 
you define the basic parameters for simulating the operation of the energy 
industry, such as whether you wish to specify capacity restrictions, and how you 
want to simulate the dispatch of different processes. For each process, you define 
technology data such as the input fuels to each process, capacities, efficiencies, 
capacity factors, capital and operating and maintenance costs, and emission 
factors. For more information, see: Transformation Analysis. 


e Resources: under which you create a data structure to reflect the production of 


indigenous resources and the import and export of secondary fuels. For more 
information, see Resource Analysis. 
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e Non-Energy Sector Effects: under which you can create scenarios for Non- 
energy related effects. Typically you will use these branches for inventories and 
scenarios of non-energy sector greenhouse gas (GHG) emissions, as a 
complement to the analysis of energy sector greenhouse gas emissions and 
mitigation measures conducted in the other parts of LEAP. For more information, 
see Non-Energy Sector Effects Analysis. 


e Stock Changes and Statistical Differences: These two additional top level 
branch categories are visible only if you place a checkmark next to the option 
"Statistical Differences and Stock Changes", on the Default tab of the Basic 
Parameters screen. 


When using the tree in the Results and Notes Views, an additional top level branch is 
displayed showing the name of the current Area. Clicking on this branch lets you review 
results summed across both Demand and Transformation branches (for example, total 
emissions for the area). This branch does not appear in the Analysis View. Note also that 
some branches for which no results are available are hidden in the Results View. These 
include the "Key Assumptions" branch, and all branches below it, as well as 
Transformation Outputs branches. 


Trees in Multi-Region Areas 


In areas with more than one region you can use the Tree: Select Visible Branches option 
to selectively show or hide branches in different regions. Hidden branches are not 
included in a region's calculations. 


5.1.1 Tree Branches 


Different types of branches in the tree are represented as different icons or pictures. The 
types of data entered at each branch (i.e. the tabs that appear in Analysis View), will 
depend on the type of branch, its position in the tree (for example whether it is a Demand 
or Transformation branch), and the properties you set for that branch. The meaning of 
each icon is explained below: 


() Category branches are the most common type of branch. They are used mainly 
for organizing the other branches into hierarchical data structures. For example, in 
your demand analysis, you can use category branches to create a set of sectors, 
subsectors and end-uses, into which you place the various energy-using devices you 
wish you model. In Demand branches these data structures are very flexible. You 
can create any number of levels of branches, and use different levels in different 
sectors. In your Transformation branches, categories are used to indicate the main 
energy conversion modules such as electric generation, charcoal making and oil 
refining and to organize the various processes and output fuels in each module. 
Note that in the Transformation tree, unlike the demand tree, you cannot have 
flexible levels of data disaggregation. In the Resource branches, categories are used 
to organize resource into primary resources and secondary fuels. Categories are also 
used in cases where you choose to disaggregate your primary resource accounting 
analysis. 
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‘} Technology branches are represented by a small gray cog wheel icon. In the 
Demand tree they are used to represent final energy consuming devices, and hence 
are uniquely associated with a particular fuel. In the Transformation tree, these 
branches are used to indicate processes: the individual technologies or groups of 
technologies within a module that responsible for converting or transporting energy 
such as a particular electric power plant or oil refinery. 


& End-Use branches can only be created in the Demand tree. They are used to 
indicate a branch at which energy intensities are specified for an aggregate end-use, 
rather than being associated with a specific fuel or device. These branches are 
useful in 3 main cases: a) where you have energy intensity data for an end-use, and 
only have fuel share data (not intensity data) for the fuels and devices within the 
end-use; b) where you have devices that use more than one fuel; and c) where you 
wish to conduct a useful energy analysis. In this case you need to check the 
additional useful energy analysis checkbox on the branch properties screen. For 
more information on useful energy analysis, refer to the Demand Analysis help 
screen. 


G3 Key Assumption branches are used to indicate independent time-series 
variables. (e.g. GDP, industrial output, population, consumption, investment etc.). 
Key Assumptions are not directly calculated in LEAP, but can be useful as 
intermediate variables that can be referenced in your modeling calculations. Key 
Assumptions are defined globally and then used in the different analyses as a means 
of projecting results. For example, they can be used in the Demand program in 
conjunction with elasticities to project energy demands. 


(Fuel branches are represented by a small sun. In the Transformation tree they 
indicate the various output fuels produced by each Transformation module. In the 
Resource tree, they indicate the primary resources and secondary fuels produced, 
imported and exported in your area. In the Stock Change and Statistical Differences 
branches they represent fuels for which you can specify base year stock change and 
statistical differences. 


Environmental Loading branches are represented by a gray cloud. 


Some restrictions exist on where you can create different branches. For example, you 
cannot move branches between the four major categories (Key Variables, Demand, 
Transformation, and Resources) and in most cases you cannot mix branches with 
different icons at a single level. These restrictions affect the various Tree editing options 
that let you add, delete, copy, paste, and move branches. 


5.1.2 Editing the Tree 


The tree, which appears in the Analysis View, the Detailed Results View, and the Notes 
View is a hierarchical outline used to organize and edit the main data structures in a 
LEAP analysis. In most respects the tree works just like the ones in standard Windows 
tools such as the Windows Explorer. You can rename branches by clicking once on them 
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and typing, and you can expand and collapse the outline by clicking on the +/- symbols to 
the left of each branch icon. Additional options to edit the tree can be accessed in a 
number of ways: 


By right-clicking on the tree and selecting an option from the pop-up menu that 
appears, 


by using Tree menu (which contains an expanded set of options), 


by clicking on the Properties (@), Add (48) and Delete (=) buttons on the main 
toolbar, or 


by using short-cut keys for the most common option (e.g. Alt-P for Properties, Ctrl-Ins to 
add a branch, Ctrl-Del to delete a branch, etc.). Valid short-cut keys are displayed on the 
main menu. 


A few of the most common options are worth explaining further: 
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FS Select Visible Branches: This option is available only in a multi-region area 
and is used to selectively show or hide branches in different regions. 


4} Up and “Down: These buttons are used to move relative to its immediate 
neighbors. Use these buttons to quickly reorder branches, or alternatively you can 
drag-and-drop branches as you would in Windows Explorer. 


a Properties (Ctrl-P) sets the properties of a tree branch. Different types of 
branches have different properties dialogs as follows: 


Demand Branch Properties 
Key Assumptions Properties 
Module Properties 


Output Fuel Properties 
Resource Properties 
Non-Energy Sector Branch Properties 


4 Add (Ctrl-Ins) adds a new branch to the tree. In general new branches are added 
below the currently highlighted branch. However, when a "leaf" branch such as a 
Demand device or Transformation process, another branch at the same level will be 
added. When adding a branch you will be asked to specify the name and properties 
of the new branch using dialog boxes listed above. 


= Delete (Ctrl-Del) is used to delete the current highlighted branch and all 
branches underneath it. You will be asked to confirm the operation before the 
branch is deleted, but bear in mind that a delete cannot be undone. Note however 
that you can exit LEAP without saving you data set to restore it to its status prior to 
the previous Save operation. 
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“# Cut Branches (Ctrl-X) is used to used to mark a branch and all branches below 
it to be cut. Later when you select Paste Branches (4), the marked branches will 
be moved to the new position selected in the tree. Notice unlike a conventional cut 
operation in a standard Windows programme, the cut operation does not actually 
delete the branches, nor does it copy the branches to the Windows clipboard. 


“i Copy Branches (Ctrl-C) is similar to the Cut operation except that on the 
subsequent Paste command, branches are subsequently copied not moved. Note that 
restrictions exist on certain operations. For example, you cannot copy or move 
branches between the four major categories (Key Assumptions, Demand, 
Transformation, and Resources) and in most cases you cannot mix branches with 
different icons at a single level. 


> Insert Branches From Folder is used to insert a set of branches located in 
another LEAP area into the current data set at the currently highlighted branch. 


Auto-Expand specifies whether the branches in the tree automatically expand and 
collapse as you click on them. 


Expand All fully expands the tree. 
Collapse All fully collapses the tree. 


Outline Level expands or collapses the tree to show all branches up to the selected 
level of depth. 


@ Print: previews and prints the tree. Only those branches that are expanded will 
be printed, so you may want to right-click on the tree and select Expand All before 
using the print option. 


“4, Find searches the tree for a named branch. 


‘ Find Again searches from the current branch for the next occurrence of the text 
entered in the Find dialog. 


\) Find Fuels searches the branches of the tree for all branches consuming or 
producing a selected fuel. The results are shown in a separate dialog box as a list of 
branch names, any one of which can be clicked to jump directly to that branch in 
the main tree display. This option is only available in the Analysis View. 


#4 Font is used to change the typeface and size of displayed tree. 


® Lock/Unlock is used to lock or unlock a branch and optionally any branches 
below it. Once locked, a branch cannot be edited. 
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5.1.2.1 Drag-and-Drop Editing of Branches 


5.1.3 


When editing Current Accounts data, you can move a branch (and all branches 
below it) by dragging and dropping it onto another branch. To copy rather than 
move a branch, hold down the Ctrl key and then click and drag the branches. This 
approach allows you to rapidly create data sets, especially those containing many 
similar groups of branches (for example a household sector with many similar 
regionally disaggregated subsectors). There are various restrictions on which 
branches can be dragged and where they can be dropped. 


Inserting Branches From Folders 


This option is used to insert a group of branches located in another LEAP area into the 
current data set at the currently highlighted branch. This option can be useful for example 
if you wish to merge separate sectoral analyses into an overall integrated analyses. Note 
that you can only add branches to Demand and Key Assumptions branches. 


This option has four basic steps: 


1. Pick the folder containing the branches to be inserted. You will need to pick a 


file named "masterstructure.db". This is the file containing the data for the tree 
structure. 


. Pick the branches to be inserted. LEAP will insert the branch you pick and all 


branches below it. In order to preserve expressions, LEAP will also insert the 
associated "Key Variable" branches. 


. Review the mapping of scenarios from the current area to those in the folder 


from which you are inserting branches. Bear in mind that each data set may 
have different named scenarios. To merge the data you will need to map them to a 
common list. 


. Review the mapping of fuel from the current area to those in the folder from 


which you are inserting branches. As with scenarios, each data set may also 
have different named fuels. To merge the data you will need to map them to a 
common list. In most cases the default mapping will suffice. 


When you have completed these four steps, LEAP will then insert the branches. 


Note: When using this option, you must ensure that both data sets have common data for 
scenarios, regions, units, and environmental effects. 
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The Main Menu 


The main menu in LEAP provides access to the most important functions of the program. 
There are seven sub-menus: 


5.2.1 Area Menu 


The area menu is provides option for creating, opening, saving and managing areas, 
as well giving access to Area-wide operations such as setting print options and 
exiting LEAP. It also contains the Language option, used to switch the language in 
which LEAP is displayed. 


5.2.2 View Menu 


The View menu allows you to switch between the seven basic views in the LEAP 
system. It also lets you show or hide the View Bar, which by default is shown on 
the left of the screen. If the View Bar is hidden (to make more room on screen), use 
the View menu to switch views. See the View Bar help topic for a description of 
each view. 


5.2.3 Analysis Menu 


The Analysis menu gives access to the main tools used in editing your data in 
Analysis View including the Scenario Manager, the Time-Series Wizard, the 
Expression Builder, and the Import from Excel and Export to Excel options. It also 
gives access to the option to Print Expressions. To make data entry more responsive, 
it is now possible to switch-off the automatic updating of charts and tables in 
Analysis View. To do this, select menu option: Automatic Calculation. When 
automatic calculations are switched-off, you can press the F9 key to manually 
update charts and tables, or select menu option Analysis: Calculate Now. 


5.2.4 Edit Menu 


The edit menu gives access to standard Windows editing operations: cut (Ctrl-X), 
copy (Ctrl-C), paste (Ctrl-V) , select all, and undo (Ctrl-Z). Note that the Undo 
feature is limited to a single undo operation and only within a given text editing box. 
LEAP does not currently support undoing of operations that effect data structures, 
nor does it support multi-level undo. 


5.2.5 Chart Menu 


The chart menu contains options for formatting charts in the Analysis and Results 
View. See also: Chart Toolbar. 
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5.2.6 General Menu 
The general menu gives access to various screens used to edit settings and 
supporting data that does not otherwise appear in the main Analysis View. These 
include: 
Basic Parameters: used to edit the basic settings of your analysis such as the base 
and end year, the default energy and monetary units and the cost-benefit analysis 
methodology to be used in the analysis. 
\ Fuels used to view or edit the list of fuels used in your Area. 
\) Fuel Groupings used to view or edit the list of fuel groupings used in your Area. 
» Regions: used to view and edit the list of regions in your Area. 
oe) Region Groupings: used to view and edit the list of region groupings 

Effects used to view or edit the list of effects for your Area. 

@ Units: used to view or edit the list of units used in your Area. 


® References used to view or edit the list of references for your Area. 


LY Lifecycle Profiles: used to edit technological profiles and age distributions for 
stocks of devices across different yearly vintages. 


L’ Load Shapes: used to view and edit a library of different load shapes that can be 
used to specify how annual electric and other demands vary by season and time of 
day for different demand devices. This option is only enabled if you specified 
endogenous loads on the General: Basic Parameters screen. 


©) Time Slices: used to edit the seasonal and time-of-day divisions into which 
annual electric and other loads can be divided. This option is only enabled if you 


specified endogenous loads on the General: Basic Parameters screen. 


Constants: used to edit the names and values of constants that can be used in 
LEAP's expressions. 


2 Calculation Checksums: used to enter checksums for easier spotting and 
diagnosis of calculation errors. 


i User variables: used to create and edit additional user-defined variables, 
5.2.7 Advanced Menu 


The advanced menu lets you edit or run scripts that can be used to automate LEAP 
and connect it with other Windows programs using standard "COM Automation 
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Server" programming techniques. LEAP uses Microsoft's Windows Script 
technology, which directly supports scripts written in VBScript and JScript. The 
options on the menu are: 


» Run script: used to directly run a script. You can run scripts stored in the 
current area folder or in the common "_SCRIPTS" folder. 


=| Script Editor: used to edit and interactively debug scripts. 


[2 Events: used to associate scripts with various events that occur during a LEAP 
calculation. 


e Language: used to set the default scripting language (VBScript or 
JScript). NB: LEAP will also automatically switch between languages based 
on the file extension of the script be run. VBScript is assumed for files with 
extension ".VB", ".VBS" or ".VBA" and JScript (JavaScript) for files with 
extension ".JS" 


5.2.8 Tree Menu 


The tree menu is used to edit and navigate through the Tree, which appears in the 
Analysis and Results views. Options on this menu allow you to add and delete 
branches, and to modify their properties. See "Editing the Tree" for more 
information. Many of these functions are also available by right-clicking on the 
Tree. Note: a simplified version of this menu is displayed when editing TED data. 


5.2.9 Favorites Menu 


The Favorites menu, which is only displayed when in Results View, lets you save 
favorite charts including all settings for the axes, type of chart, and formatting. This 
feature is similar to the bookmark/favorites features found on popular Internet 
browsing software. Later, in the Overviews View, you can group together favorite 
charts to create overviews of different results. Use the "Save Chart as Favorite" 
option to bookmark the current highlighted chart. You will be asked to give the 
favorite a name. Use the "Delete Favorite" option to delete the saved favorite. To 
switch to a favorite chart, select its name from the favorites menu. 


5.2.10 Help Menu 


The Help menu gives access to the contents, index and search pages of LEAP's help 
system. You can also press the F1 key at any time to access context-sensitive help 
appropriate to the screen you are working in. You can also get quick usage tips by 
selecting Show Tip. 


The Help menu also gives access to the LEAP web sites (this requires an Internet 
connection) and lets you send an email to SEI-Boston requesting technical 
assistance. This feature requires that you have a MAPI compliant email system 
installed on your PC, such as Microsoft Outlook or Netscape Navigator. An 
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"About" screen gives you contact information should you wish to contact SEI- 
Boston by mail, phone or fax. This screen also gives you system information which 
can be useful in identifying problems you may encounter while running LEAP. An 
option labeled "Check on Internet for Updates" automatically checks for newer 
versions of LEAP over the Internet, and installs them onto your PC. Note that this is 
the preferred method of updating the software as it requires a much smaller 
download compared to a full download and installation of the system. 


NB: the versions of LEAP available on the Internet work by default in "evaluation" 
mode (i.e., with the "Save" feature disabled). For those using this version, the 
"Register LEAP" option can be used to enter a user name and registration code to 
fully unlock the software. User names and registration codes are distributed by SEI- 
Boston to licensed users of the system. Visit the LEAP web site for more 
information on licensing LEAP. 
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5.3 The Main Toolbar 


The main toolbar is used to access the most commonly used functions in LEAP. The 
options on the toolbar are as follows: 


_] New Area (Ctrl-N) Creates a new Area. You will be prompted for a name and 
asked whether you wish to create an area by copying from another, or by starting 
from a default (blank) set of data. 

& Open (Ctrl-O) Opens an existing area. 


lil Save (Ctrl-S) Saves the current Area, including any data edited in LEAP or 
TED. This button is only enabled when you have made a change to the data set. 


\) Fuels (Alt-F) View or edit the list of Fuels used in your Area. 


a) Regions (Alt-R) View and edit the list of regions in your Area. This button is 
only displayed if there is more than one region in the Area. 


Effects (Alt-E) View or edit the list of Effects for your Area. 
@ Units (Alt-U) View or edit the list of Units used in your Area. 
® References. View or edit the list of References for your Area. 


# Cut (Ctrl-X) Copies any selected text to the Windows clipboard and then 
deletes it. 


(“) Copy (Ctrl-C) Copies any selected text to the Windows clipboard. 
(5 Paste (Ctrl-V) Pastes text from the Windows clipboard. 
& Help (Ctrl-F1) Shows the "Getting Started" Page of the online help. 


@ What's This Help (Shift-F1): Click this button, then click on any other part of 
the main screen to get context-sensitive help. 
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5.4 


The Chart Toolbar 


The chart toolbar is used to customize and print charts in LEAP. It consists of the 
following buttons: 
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“> Chart Type selects the type of chart (pie, bar, horizontal bar, area, line, and 
point). Various restrictions apply to the types of charts you can choose. For 
example, you can only pick pie charts when the there is a single set of summable 
values, and you can only pick area charts when values are summable. 


@ Stack Type is used in area, bar and horizontal bar charts to pick how series are 
formatted. The options are: stacked, not stacked, grouped, percent stacked, and 
not stacked - 3D. This last option displays series behind one another in a 3D effect. 
Note that stacking of charts is only available when it makes to stack the variable or 
dimension. So for example, a variable such as efficiency cannot be stacked, and nor 
can different scenario values of any variable. 


@ Color Palette is used to select among different chart color palettes. The palettes 
include one that is similar to the palette used in Microsoft Excel, and another that 
uses patterns that are suitable for printing in black and white. 


3D toggles whether charts are shown with a 3 dimensional effect. Note that due to 
software limitations, any charts with negative values cannot currently be shown 
with 3D effects. 


Log toggles the use of a logarithmic scale on the chart. Note that log scales do not 
work well if the chart contains negative values. 


Grp toggles the grouping of items in charts and tables. 


Legend toggles whether a legend is displayed on the chart. Legends are always 
displayed in the Detailed Results View. 


#4 Gridlines toggles the display of grid lines on a chart. 


“4 Copy copies the chart to the Windows clipboard in metafile format. Chart ima 
ges can be pasted into any Windows program that supports image objects. 


* Print prints and previews the chart. 


® Select Background Image inserts a background image behind your chart. You 
will be prompted to select a JPG, GIF or BMP file, and given the chance to preview 
the image before selecting it. Note that the html directory and sub-directories under 
the LEAP2000 program directory contain a useful library of energy and 
environmental photographs that you might find useful as background images. 
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Background image settings are saved along with your other settings when you save 
a "Favorite" chart, and can then be displayed when you use LEAP's Overview 
feature. 


* Clear Background Image removes the background image from the current 
chart. 


PowerPoint adds a chart as a slide to a Microsoft PowerPoint presentation. 


Us] Excel exports the current table to Microsoft Excel. 
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5.5 The Table Toolbar 


The Table toolbar is used to customize and print tables in LEAP. It consists of the 
following buttons: 


‘60 Increase Decimals increases the number of decimal places displayed in a table. 
**0 Decrease Decimals decreases the number of decimal places displayed in a table. 


“) Copy copies the table to the Windows clipboard. Tables can then be pasted into 
any Window that supports text. 


Print previews and prints the table. 
Ls] Excel exports the current table to Microsoft Excel. 


@ Font lets you change the style, typeface and size of the font used to display the 
table. 
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5.6 The Analysis View Toolbar 


The Analysis View toolbar provides tools for working with the data entry screens of the 
Analysis View: 


e The Variable Selection Box lets you choose a variable to edit. Variables are 
categorized in various groups (basic, capacity, dispatch, cost, user-define, etc) 
You can also choose to edit all variables (for the current tree branch) 
simultaneously. Note that the functionality of this selection box is duplicated by 
the on-screen tabs used to display the variable in the Analysis View. To save 
screen space you can choose to hide these tabs by right-clicking on them and 
selecting "Variables as Tabs". 


e The Region Selection Box lets you choose a region to edit. This selection box is 
only displayed if your area has more than one region. You can also choose to edit 
all regions simultaneously. 


e The Scenario Selection Box lets you choose either a scenario for editing 
(including Current Accounts). You can also choose to edit all scenarios 
simultaneously. 


E3 Manage Scenarios is used to create, delete, organize and set the properties of 
the scenarios in an Area. 


Create Scenario is used to quickly edit or create a new scenario by reviewing 
its key parameters. This button is only displayed if you have created a Scenario 
Template for the area, describing the list of key parameters in scenarios. 


a Expression Builder is a general purpose tool that helps you construct LEAP's 
expressions by dragging and dropping functions and LEAP and TED 
Branches/Variables into an editing box. 


¥ The Time-Series Wizard is a tool that helps you construct the various time- 
series expressions supported by LEAP's Analysis View. These expressions include 
functions for interpolation, step functions, smooth curves and linear, exponential 
and logistic projections. 


@ Print Expressions is used to print out expressions for the current scenario. It 
will print expressions for either the current variable or for all variables. 
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5.7. _—_— Printing 


Most parts of the LEAP user interface can be printed including charts, tables, the RES 
diagram and the LEAP and TED trees. When you select Print (&), a print preview 
appears. Using this dialog you can set most printing options, such as the printer name, the 
margins, and which pages you wish to print. When you are ready to print, click on the 
Print (#) button appearing in the dialog toolbar. 


The print preview option's menu contains various options for configuring your printouts: 


e From the File Menu, you can design the look of your printout, set-up the printer 
page, and print the report. 


e From the View Menu you configure the appearance of the preview screen. 


e From the Format Menu, you can set options for page numbering and date/time 
stamps on the report. 


e From the Go Menu you can navigate through the pages of the report. 
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6 Scenarios 


At the heart of LEAP is the concept of scenario analysis. Scenarios are self-consistent 
story-lines of how a future energy system might evolve over time in a particular socio- 
economic setting and under a particular set of policy conditions. Using LEAP, scenarios 
can be built and then compared to assess their energy requirements, social costs and 
benefits and environmental impacts. All scenarios start from a common base year, for 
which you establish your Current Accounts data. 


You can use scenarios to ask an unlimited number of "what if" questions, such as: what if 
more efficient appliances are introduced, what if different electric generation capacity 
expansion plans are pursued, what if indigenous reserves of oil and gas are discovered, 
what if renewable energy technologies are introduced, etc. 


Scenarios in LEAP encompass any factor that can change over time, including those 
factors which may change because of particular policy interventions, and those that 
reflect different socio-economic assumptions. Variations, in these latter types of factors 
are normally referred to as a sensitivity. In LEAP, sensitivities are included in a scenario. 
Because of this, its is important in your cost-benefit analysis that you only compare 
scenarios with the same socio-economic assumptions. 


6.1 Scenario Inheritance 


An important concept in using scenarios is the idea of scenario inheritance. In 
LEAP's Analysis View, you create mathematical expressions that define the data 
values of each branch/variable combination your analysis. Scenario inheritance 
allows you to create hierarchies of scenarios that inherit default expressions from 
their parent scenario. Initially, you create expressions for the Current Accounts. 
These can either be constant expressions, or expressions that generate a time-series 
of values. Then, you can create additional scenarios, with expressions that either 
simply inherit the Current Accounts expressions, or override these for particular 
branches and variables. So, for example, you might created a scenario that examines 
a household lighting efficiency program (HELP), that inherits most of its expression 
from a baseline "business as usual" scenario. 


Because the scenario inherits from the baseline scenario, when initially created it 
will contain exactly the same expressions as the baseline scenario, and hence if 
calculated will yield exactly the same results. To fully define the scenario you only 
need to type in expressions to reflect the branches and variables affected by the 
household lighting program. The inherited expressions for all other branches stay 
the same. You can define any number of levels of inheritance. So for example you 
could make a second household lighting scenario that inherits from HLEP, with 
slightly revised assumptions. This approach makes it very easy to edit and organize 
scenarios, since a) they can be created with a minimum of data entry and b) 
common assumptions in families of scenarios can be edited by just editing the 
parent scenario. 
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6.2 
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When editing scenario data in LEAP's Analysis View, the expression fields in data 
entry tables are color coded to show which expressions have been entered explicitly 
in the current scenario, and which are inherited either from a parent scenario or 
from the data specified for Current Accounts. Red text indicates a value entered 
explicitly in the current scenario, while black text indicates an inherited value (or 
data entered in Current accounts). You can also use the Show Scenario Branches 
option (Main Menu: Tree: Show Scenario Branches) to list and optionally jump to 
any of the branches entered explicitly in the current scenario. 


Multiple Scenario Inheritance 


In addition to the direct scenario inheritance described above, you can also create 
scenarios that inherit expressions from more than parent scenario. This multiple 
inheritance approach is useful for examining a wide range of individual policy 
measures, which can then be combined in different ways to create different 
integrated scenarios. 


For example, a series of individual measures could be developed in the Scenario 
Manager including a renewable portfolio standard (RPS), appliance efficiency 
standards (AES), and commercial cogeneration (COGEN), etc. These and other 
measures can be examined individually and then combined into overall scenarios 
that capture their interactions (for example, the benefits of appliance efficiency 
standards combined with a renewable portfolio standard will be less than the sum of 
the benefits of the two scenarios considered separately). 


7 Key Assumptions 


In the Analysis View, the first major category on the tree is labeled Key 
Assumptions. Under this category you can create any number of macroeconomic, 
demographic and other time-series variables. Use Key Assumptions as a place to put 
data not treated elsewhere in LEAP's Demand, Transformation and Resource 
analyses. For example you may want to construct simple macroeconomic or 
demographic models under these branches, making use of LEAP's expression-based 
modeling capabilities, or you may simple want to use the area as a place to store the key 
assumptions of your scenario analyses. 


Use the Key Assumptions Properties screen (a) to create and then edit the name and 
units of each Key Assumption. Key Assumption branches can be of two types: 


|) Category Branches, which are used for organizing key assumptions into a 
hierarchical data structures. These branches do not contain data. 


C3 Key Assumption Branches, which are used to indicate variables and data (e.g. 
GDP, industrial output, population, consumption, investment etc). These variables 
are not output as results from LEAP, but are used instead as intermediate variables 
that can be referenced in your Demand, Transformation and Resource models. 
When adding key assumptions, enter the unit of the variable as text. 


Note: in addition to defining variables under the Key Assumptions category, you can 
also add your own User Variables within your Demand, Transformation and Resource 
analyses. Use the General: User Variables screen to define your own User Variables. 
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8 Demand 
8.1 Demand Analysis 


Demand analysis is a disaggregated, end-use based approach for modeling the 
requirements for final energy consumption in an Area. You can apply economic, 
demographic and energy-use information to construct alternative scenarios that examine 
how total and disaggregated consumption of final fuels evolve over time in all sectors of 
the economy. You can also examine the costs and environmental implications of each 
scenario. Energy demand analysis is also the starting point for conducting integrated 
energy analysis, since all Transformation and Resource calculations are driven by the 
levels of final demand calculated in your demand analysis. 


LEAP provides a lot of flexibility in how you structure your demand data. These can 
range from highly disaggregated end-use oriented structures to highly aggregate analyses. 
Typically a structure would consist of sectors including households, industry, transport, 
commerce and agriculture, each of which might be broken down into different subsectors, 
end-uses and fuel -using devices. You can adapt the structure of the data to your purposes, 
based on the availability of data, the types of analyses you want to conduct, and your unit 
preferences. Note also that you can create different levels of disaggregation in each sector. 


Similarly, you also have choices in the methodologies you can apply for energy demand 
analysis. The following methodologies are available 


‘! Activity Level Analysis, which itself consists of either Final Energy Demand 
Analysis, or Useful Energy Demand Analysis in which energy consumption is 
calculated as the product of an activity level and an annual energy intensity (energy 
use per unit of activity). 


® Stock Analysis, in which energy consumption is calculated by analyzing the 
current and projected future stocks of energy-using devices, and the annual energy 
intensity of each device (defined as energy per device). 


o Transport Analysis, in which energy consumption is calculated as the product 
of the number of vehicles, the annual average mileage (i.e. distance traveled per 
vehicle) and the fuel economy of the vehicles (e.g. liters per km or 1/MPG). 


You can mix and match these different methodologies within a single data set: for 
example applying useful energy analysis for the analysis of industrial and commercial 
heating and employing final energy analysis for all other sectors. 


In each case, demand calculations are based on a disaggregated accounting for various 
measures of social and economic activity (number of households, vehicle-km of travel, 
tonnes of industrial production, commercial value added, etc.) These "activity levels" are 
multiplied by the energy intensities of each activity (energy per unit of activity). Each 
activity level and energy intensity can be individually projected into the future using a 
variety of techniques, ranging from applying simple exponential growth rates and 
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interpolation functions, to using sophisticated modeling techniques that take advantage of 
LEAP's powerful built-in modeling capabilities. 


8.2 


Demand Branch Properties 


Branch Properties 


Name: 


_ 
3 


©) Technology 


Consuming Fuel: | Electricity 


Use this screen to edit the properties (name, type, etc.) of a demand branch. Demand 
branches can be one of three types: 
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Category branches are used mainly for organizing the other branches into 
hierarchical data structures. These branches only contain data for Activity Levels, 
and Costs. 


4 End Use (Aggregate Energy Intensity) branches are used to indicate a branch 
at which energy intensities are specified for an aggregate end-use, rather than 
being associated with a specific fuel or device. These branches are useful in three 
main cases: a) where you have energy intensity data for an end-use, and only have 
fuel share data (not intensity data) for the fuels and devices within the end-use; b) 
where you have devices that use more than one fuel; and c) where you wish to 
conduct a Useful Energy Demand Analysis. In this latter case you need to check 
the additional Useful Energy Analysis checkbox on the branch properties screen. 
When conducting a useful energy analysis, you can choose to enter current 


Demand 


accounts data for the end-use in two different ways. Check the Final Energy 
Intensities in Current Accounts checkbox to specify final energy intensities (i.e. 
the amount of fuel used) or leave the box unchecked to specify useful 
requirements (i.e. the service demand) in Current Accounts. In either case you 
will always enter the useful demand for the end-use in scenarios. NB: the options 
you choose here will affect which variables (tabs) are visible in the Analysis View 
for the selected branch. 


Technology branches are used to represent final energy consuming devices, and 
hence when choosing this type of branch you will also need to select the fuel 
consumed. When conducting a useful energy demand analysis, technologies can 
optionally be set to produce a co-product. For example, a demand for heat in 
buildings could be met through a combination of conventional furnaces as well as 
combined heat and power (CHP) units that consume natural gas at one efficiency, 
while producing electricity at another efficiency. Use the branch properties 
screen to specify the co-product. Note that only technologies created under a 
useful aggregate energy branch can have co-products. If you specify a co-product, 
an additional variable (tab) will appear in the main data entry screen in which you 
can specify the co-product efficiency (i.e. the efficiency at which the fuel 
consumed is turned into the co-product). Note that the sum of the efficiency and 
co-product efficiency must be less than or equal to 100%. 


When specifying Technology branches you will also need to specify the type of 
methodology you are going to use to analyze energy demands. Use this screen to 
select among the three basic Demand Analysis methodologies: 


e } Activity Level Analysis, which itself consists of either Final Energy 
Demand Analysis, or Useful Energy Demand Analysis, in which energy 
consumption is calculated as the product of an activity level and an annual 
energy intensity (energy use per unit of activity). 


e Stock Analysis, in which energy consumption is calculated by analyzing 
the current and projected future stocks of energy-using devices, and the 
annual energy intensity of each device (defined as energy per device). 


¢ © Transport Analysis, in which energy consumption is calculated as the 
product of the number of vehicles, the annual average mileage (i.e. distance 
traveled per vehicle) and the fuel economy of the vehicles (e.g. liters per km 
or 1/MPG). 


Tip: when adding a new branch, if you want the branch name to be the same as the name 
of the fuel it uses, simply select the fuel first and LEAP will use the fuel name as the 
branch name. 


Note: in general you cannot mix branch types in immediately neighboring branches, so, 
for example, a category type and technology type cannot be placed next to one another. 
Because of this restriction, you sometimes may not be able to change the type of an 
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existing branch if it already has neighboring branches. The exception to this rule is that 
category branches can be placed next to aggregate energy intensity branches. . 


8.3 Activity Analysis 


In this, the default methodology, energy consumption is calculated as the product of an 
activity level and an annual energy intensity (energy use per unit of activity). Overall 
activities are defined as the products of the individual activities entered along a complete 
branch of the Demand tree. Typically, activities are specified as a single absolute value 
(e.g. number of households) multiplied by a series of shares or saturations/penetrations 
(e.g. the percent share of urban households, the penetration of an end-use such as air 
conditioning), and the penetration of each technology that meets the end-use. 


Total energy consumption is thus calculated by the equation: 
energy consumption = activity level x energy intensity 


There are two basic variations to this methodology: in a Final Energy Demand Analysis 
you specify energy intensities at the device level as the amount of fuel used per unit of 
activity; ina Useful Energy Demand Analysis you specify useful energy intensities at the 
next highest branch level (typically the end-use level), and then specify the efficiencies of 
each device. 


Note: this method can also be used to project energy consumption directly (i.e. not per 
unit of activity). To do this, simply enter "No data" for the units in the Activity Level 
variable. 


Tip: use the methodology tab on the Demand Branch Properties screen to set-up an 
Activity Analysis for a demand device. 


8.3.1 Final Energy Demand Analysis 


In conducting a final energy demand analysis, a typical approach is to disaggregate your 
demand data structure into four levels representing sectors, subsectors, end-uses and 
devices. An example of this approach showing the Activity Level table in the Analysis 
View is given below. 
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Activity Level 
A measure of the social or economic activity for which energy is consumed. 


Current Accounts Scale 


Name Expression Units Per 
Household 8 Million Household 
Urban 30 Percent Share of Households 
Electrified 100 Percent Saturation of Households 
Refrigeration 95 Percent Saturation of Households 
Existing Remainder(100) Percent Share of Households 
Efficient 0 Percent Share of Households 


Activity levels for one of the four hierarchical levels are typically described in absolute 
terms (in this case the number of households is 8 million in the Current Accounts year), 
while the other three levels are described in proportionate (i.e. percentage share or 
percentage saturation) terms. In the example shown above, urban households are 30% of 
the total number of households in 2000, of these 95% have some type of refrigerator, and 
all refrigerators are existing (less efficient) models. None of the new, more efficient 
models have been introduced in the base year. Notice that at the top level, the user chose 
an absolute unit for the activity level (households). At lower levels, LEAP keeps track of 
the units, and hence knows that the percentage number entered at the second level is the 
share "of households". In general, LEAP lets you choose the numerator units for activity 
levels, whilst automatically displaying the denominator unit. When selecting an activity 
level unit, you can choose from any of the standard non-energy units. Use the Units 
screen (Main Menu: General Parameters: Units) if you need to add additional units. 


The above data are shown for the Current Accounts year, but all values can be altered for 
future years in scenarios. This allows the planner to capture the combined effects of 
separate changes at many levels, such as, for example, the growth in the total number of 
households, the rate of urbanization, the penetration of refrigeration, and the market share 
of less efficient vs. more efficient refrigerator models. To project these data, you first use 
the Manage Scenarios option to create one or more scenarios. Then, in the Analysis View, 
you override the default (constant) expressions entered in Current Accounts for each 
branch, with new expressions that describe how each value 


changes over time. 
{) Demand 


The tree structure for this type of final energy analysis is = (4) Household 

shown on the right. Notice that all of the branches are created == (4) Urban 

as category branches (iJ) except for the bottom-most nodes, = Electrified 
which are always created as technology branches (%#). For E mas) Refrigeration | 
these bottom-level branches, you also define the annual Existing 
energy intensities per unit of activity level (in this case per “? Efficient 
household) and specify the fuels used by the device (see below). 
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Final Energy Intensity 
Annual final consumption of fuel per unit of activity level (for energy and non-energy pur 


Fuel Current Accounts 


Name ae Expression Scale Units Per 
Existing Electricity 500 Kilowatt-Hour per Household 
Efficient Electricity 380 Kilowatt-Hour per Household 


When editing energy intensities, first select the fuel used by each device and then set the 
scale and units in which you want to enter the intensity. The scale and units columns can 
only be edited in Current Accounts. Changes to the energy intensity units column 
subsequent to entering an intensity value will cause LEAP to offer to convert the value to 
the new units. 


8.3.2 Useful Energy Demand Analysis 
Tip: use the Demand Branch Properties dialog to set-up a useful energy demand analysis. 


For cases in which you wish to explicitly consider demand-side efficiency improvements 
and fuel switching independently of the evolution of useful energy demands (e.g. the heat 
demand in a building), you may wish to use LEAP's useful energy analysis methodology 
instead of the default final energy analysis. 


A useful energy analysis lets you independently consider three important trends: a) how 
the overall useful demand might change over time (for example as incomes rise and 
people consume more, or as building standards improve affecting heat demand per square 
meter), b) how the market penetration of different devices changes over time, and c) how 
the efficiencies of devices (i.e. final energy demand per unit of useful energy provided) is 
likely to evolve over time. 


To configure a useful energy analysis, do the following: = Commercial 

ea 
4h Fuel Oil 
“4p Electricity 
“&} Natural Gas 


1. Add an end use branch (@) at the end-use level (e.g. 
heating, cooling, cooking). 


2. On the Demand Branch Properties screen, check the box marked "useful energy 
analysis", and 


3. Click OK. 


4. Below this branch add additional technology branches (<a) to represent the various fuel- 
using devices that are available to meet the demands of the end-use. Note that useful 
energy branches are always immediately above the technology branches in a demand 
tree. Only technology branches may be added below them. In the example shown on the 
right, three substitute fuels (fuel oil, electricity and natural gas) area used to provide 
commercial heating. 
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Current Accounts 


When conducting a useful energy analysis, Current Accounts data can be specified in two 
different ways: 


1. In the default method, you specify final energy intensities for the end-use, along 
with the fuel shares and efficiencies for each fuel or device level. Notice that 
device fuel shares are not the same thing as the activity shares entered in a final 
energy analysis. Fuel shares are the share of total final energy consumed by each 
device, while activity shares reflect the number of "activities" (e.g. the share of 
floor space heated by different boiler types). The percentage efficiencies you enter 
for each device are used to calculate the overall useful energy intensity for the 
end-use, and the activity shares for each device in the Current Accounts year. This 
first approach is most useful when you have Current Accounts data describing the 
total fuel consumed in the base year, and you wish LEAP to calculate the useful 
energy demand. 


2. In the second method, you specify useful energy intensities directly in Current 
Accounts. This approach is useful in cases where you have data describing the 
useful demand for a branch (e.g. the heat demand in buildings). 


Tip: use the Demand Branch Properties dialog to select between these two 
alternatives. Notice that you can mix and match methods freely in different 
branches 


Scenarios 


Irrespective of the method you choose for Current Accounts, in scenarios you 
project the useful energy demand, device efficiencies and activity shares into the 
future. 


8.3.3 Activity Levels 


Activity Levels are used in LEAP's Demand analysis as a measure of the social or 
economic activity for which energy is consumed. 


In creating a demand analysis structure, you typically create a hierarchy of branches, in 
which activity levels are described in absolute terms (e.g., number of households) at one 
level of the hierarchy, and in proportionate terms (e.g. percentage share or percentage 
saturation) terms in the other levels of the hierarchy. The product of these terms yields 
the overall level of activity for a given device: one of the leaf branches in a Demand tree. 
Energy consumption in the device is then calculated by multiplying the overall level of 
activity for the device by its energy intensity. 


Notice that in some cases energy intensities can be defined at the end-use level, rather 
than the device level. Nevertheless, the general principle holds that LEAP calculates 
energy consumption as the product of activity levels and energy intensities. 
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8.3.4 Total Activity 


Total Activity shows the result of multiplying down each of the Activity Level branch 
chains. A simple example is shown below. This has been added to make it easier to 
immediately see the implications of the data you enter for Activity Levels. 


liaise Activity Level Total Activity 
Households 8 million households 


50% share 4 million households 


Note that this variable is calculate and cannot be edited by the user. However, its value 
can be referenced in expressions. 


8.3.5 Final Energy Intensity 


Final energy intensity is the annual average final energy consumption of a branch per unit 
of activity level. Final energy intensities are typically defined at the lowest level 
technology branches (#), but can also be defined at the next level up, when specifying 
aggregate energy intensity branches ( RB). 


8.3.5.1 Units 


LEAP lets you enter energy intensities for technologies in energy, mass or volume units. 
It will also automatically convert your data from one unit to another. Note that when the 
fuel is a pure energy form such as electricity, the units must be an energy unit. When 
specifying energy intensities for an aggregate energy intensity branch, you can only enter 
the intensity in energy units. 


8.3.6 Useful Energy Intensity 


The useful energy intensity screen only appears when conducting a useful energy analysis 
and is only defined at end-use branches (a). 


Unlike a final energy intensity, which specifies the amount of fuel used per unit of 
activity, a useful energy intensity is a measure of the energy service provided per unit of 
activity -- the "useful" energy. Examples include the heating load of a building (NOT the 
fuel used in its boilers) or the amount of heat in a cooking pot required to cook a meal 
(NOT the amount of wood bunt). 


Useful energy intensities are calculated for Current Accounts based on the fuel shares and 


efficiencies of devices. This calculated value is displayed for you to project into the 
future when editing scenarios. 
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Refer to Useful Energy Demand Analysis for information on how to configure branches 
for entering useful energy intensities. 


Note: Because they are not associated with a particular fuel, LEAP only lets you enter 
useful energy intensities in energy units. 


8.3.7 Efficiency 


Efficiency is the percentage annual average thermal efficiency of a demand device 
defined as 100 * useful energy delivered / final energy consumed. The final energy 
consumed is a fuel (which can also be electricity), while the useful energy delivered is 
typically heating or cooling. In order to be able to specify efficiencies, make sure your 
end-use branch is configured as an end-use branch (&) and is set to conduct a useful 
energy demand analysis. Efficiencies can then be entered for any of the technology 
branches (SP), below this branch. 


NB: Efficiency data are only visible for technology branches when conducting a Useful 
Energy Demand Analysis. 


8.3.8 Fuel Share 


Fuel shares are the percentage share of final energy at an end-use (8) consumed by one 
of the device branches below it. Notice that when the efficiencies of devices are not all 
100%, then fuel share is not identical to activity level share. For example, consider an 
end-use such as heating that can be met by either natural gas boilers at 80% efficiency or 
electric boilers at 100% efficiency. If each boiler is sized deliver the same amount of heat, 
and each is installed in 50% of homes, then the activity levels shares of each will be 50%, 
but the fuel shares will be as follows: (Natural gas = 55.6%, electricity = 44.4%) To see 
whey, look at the table on the below. 


Activity Fuel 


share (4) Efficiency Required 
Ly (B) (A/B) 


Natural Gas 80% 55.6% 
Electricit 100% 44 4% 
1.13 100.0% 


Fuel share data are only required for Current Accounts when conducting a useful energy 
demand analysis if you chose to specify final energy intensities in Current Accounts on 
the Demand branch properties screen. They are not required if you choose to specify 
useful energy intensities directly in Current Accounts. Fuel shares are always entered for 
the technology branches (‘#). 


8.3.9 Environmental Loadings 
All devices in your Demand analysis, and all feedstock fuels, auxiliary fuels and output 


fuels in your Transformation analysis are potential sources of environmental loadings. 
Use the environmental loadings screen to associate environmental loadings with these 
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branches. Each loading is specified as an effect (e.g. a pollutant emission) per unit of 
energy consumed or energy produced or per unit of vehicle distance (this latter approach 
is only available when conducting a Demand Transport Analysis). During its calculations, 
LEAP multiplies the loadings you specify on the Environmental loadings screens by the 
total amount of energy consumed in each year of each scenario. In the case of distance- 
based loadings, LEAP multiplies the loadings by the total mileage of all vehicles. 


Linking to TED 


The simplest way to specify lial Effects for branch: Coal 
environmental loadings for a given 


technology is to create a link to one of 
the library of technologies in the 


© Insert Link to TED ©) Insert Data 


accompanying Technology and Get Effects from TED Technology: 
Environmental Database (TED). TED ONone 

contains emission factors for hundreds -) Chemicals 

of energy consuming and_ energy (© Paper and Pulp 

producing technologies, including the {© Rural Industries 

default emission factors suggested by (Cy Other 

the IPCC for use in climate change )-({) IPCC Tier 1 Default Emission Factors 
mitigation analyses. To create a link to 4 See a 

TED, click on the TED button (®) and ee ~ 

use the subsequent dialog box (shown <3 Wood 


right) to select a technology from TED {8} Charcoal 

that closely matches the technology in “jo Biomass v 
your Area. Click on the y button to go 
directly to TED and view the full A Ok 
information about the TED technology 
and its emission factors. 


Notice that you are not required to specify loadings for all fuels, and in fact you will not 
normally wish to specify loadings for Demand devices consume heat or electricity since 
the emissions for those fuels occur upstream (e.g., during the generation of electricity) 
from the point of consumption and can be modeled in LEAP's Transformation 
calculations. However, you should note that the default emission factors in TED are all 
direct emission factors, not lifecycle emission factors. For example, the emission factors 
for a vehicle are the direct emissions from the vehicle: they do not include the upstream 
emissions from oil refining and oil extraction. You should also be aware that while TED 
is based on a literature review of recently published estimates of emission loadings; it 
does not currently contain a comprehensive picture of all effects from each of its source 
categories. For this reason, be sure to examine which effect categories are included for 
each TED technology. 


Entering Emission Factors Directly 


The latest version of LEAP now allows you to manually enter your own emission factors, 
or override the default factors obtained by linking to TED. So for example, you might 
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link to the IPCC factors for greenhouse gases, but then add your own country- or 
technology-specific factors for other air pollutants. As with other LEAP expressions, 
emissions factors can be specified as simple numbers or as mathematical formulae. In 
fact, many of the emission factors stored in TED are expressed as formulae in which the 
emission factor is itself a function of the chemical composition of the fuel being burnt. 
For example, SO2 emission factors are generally a function of the sulfur content of the 
fuel, and CO> emission factors are often expressed as a function of the carbon content of 
the fuel. For more information on specifying environmental loadings, refer to information 
on the TED expressions. 


To add an emission factor, click the &F button and select from the list of available effects. 
You can add additional effects on the Effects screen. Any environmental loadings created 
as links to TED are initially protected in Current Accounts and cannot be changed except 
by editing the data in TED itself. Click the © button to delete an effect. Environmental 
loadings are also shown as branches on the tree in Analysis View marked with the cloud 
icon (‘-*), and can also be deleted directly be editing the tree. When editing scenarios, 
future values for environmental loadings can always be edited, even for those loadings 
linked to TED. 


Units 


For unlinked loading factors, you can edit the numerator and denominator units for each 
factor in Current Accounts. The choice of numerator units will depend on the effect being 
specified, while the choice of denominator units will depend on the state of the fuel being 
consumed or produced, and also on the type of loading factor. Most loading factors are 
specified per unit of energy consumed. However, you can also specify emissions per unit 
of energy produced for any output fuel. In addition, when conducting Demand Transport 
Analyses, you can also specify emission per unit of vehicle-distance traveled (e.g. 
grammes per vehicle-mile). This reflects how most pollutants are regulated for vehicles 
and thus how these factors are best modeled. 


Environmental Loading 


Environmental Loading Factor (Pollutants per unit of energy consumption) ® 
Effect spisuiterend Units Per.. Type | a = 

Carbon Dioxide Non Biogenic 25.8 * fractionoxidized * (co2/c) Tonne Terajoule of energy consumed 

Carbon Monoxide 150 Kilogramme  Terajoule of energy consumed a) 

Methane 10 Kilogramme Terajoule of energy consumed 

Non Methane Volatile Organic Compounds 20 Kilogramme Terajoule of energy consumed 

Nitrogen Oxides NOx 300 Kilogramme Terajoule of energy consumed 

Nitrous Oxide 1.4 Kilogramme Terajoule of energy consumed 

Sulfur Dioxide sulfurcontent*(1-sulfurretention)*(so2/s) Kilogramme Kilogramme of energy consumed 


li¢ 


Dynamic Emission Factors 


As with other LEAP expressions, in scenarios you can specify how environmental 
loading factors are likely to change in the future. By default, the factors you specify in 
scenarios describe the average emission factors for the total stock of devices producing 
the loading. However, when conducting Stock Analyses and Transport Analyses in 
Demand the environmental loading factors will instead be interpreted as values for newly 
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added technologies. In these cases, LEAP will internally calculate the stock-average 
environmental loading factors. 


In addition, when conducting Stock Analyses and Transport Analyses in Demand, you 
can now specify an optional lifecycle profile that describes for each vintage, how 
emission factors degrade as technologies age. 


8.3.10 Demand Costs 


Use the Demand Costs data tab to specify the non-fuel costs of your demand scenarios 
(capital, O&M and administrative). These costs are used in LEAP's overall cost-benefit 
calculations to help evaluate your policies and measures. You can specify costs for any 
demand branch. Typically, you specify costs for each demand technology («2), but you 
can also specify costs at higher levels of aggregation (for example the costs of sectoral 
demand side management programs). Bear in mind that for a comparative analysis of 
scenarios, you need only enter costs for branches where activities or energy intensities 
change compared to your baseline. 


Note: Demand Costs are only available if the Costs checkbox is checked on the Scope 
tab of the Basic Parameters screen. 


LEAP provides four different methods for specifying demand costs: 


1. Costs Per Activity: This is the default costing method. It allows you to specify 
non-fuel costs per unit of activity (e.g. costs per household for residential sector 
Measures or costs per passenger-km in the transport sector). This method is 
simple to implement because it requires no additional data (other than a cost and 
an activity level). In cases where your activity level variable is not the same as the 
physical number of devices affected the cost values you enter should be the 
annual cost per device multiplied the number of devices per activity (for example 
the number of lightbulbs per household). Alternatively, you may wish to use the 
Cost per Device methodology described below. 


The value you enter is used in LEAP's calculations in the following way: 
Cost; = Cost per Activity, x Activity Level, 


2. Costs Per Device Sold: If you selected the Stock Analysis or Transport Analysis 
methods for a Technology (‘), then you will also be able to use this second 
costing method and enter costs per device sold. This method lets you track the 
costs of new and replacement devices, and for this reason tends to be a more 
accurate (although more data intensive) approach than the above method. 


The value you enter is used in LEAP's calculations in the following way: 
Costs; = Cost per Device Sold, x Devices Solds,¢ 


3. Total Costs: In some cases you simply want to specify a total annual cost at a 
demand branch (i.e. one that is not per activity level, per unit saved or per device 
sold). In these situations, choose the Total Cost method and enter the total annual 
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costs in the expression. Use LEAP's AnnualizedCost function when you want to 
build-up this value by annualizing (levelizing) a capital cost. This cost method 
can be particularly useful when specifying overall program or administrative costs 
of programs at higher levels branches in your analysis. 


Cost of Saved Energy (CSE) expresses the incremental cost of saving energy in 
a device relative to the energy used in some baseline scenario. The CSE method 
lets you directly compare the costs of demand side energy efficiency investments 
with those of conventional energy supply investments and is most appropriately 
used when you are changing the energy intensity of a particular device in a given 
scenario to reflect efficiency improvements, rather than switching from one 
branch to another. 


Cost of Saved Energy Units 


Compared to Scenario: 


US. Dollar v ‘per Gigajoule » | of Electricity saved vs. Reference v 


When specifying a CSE you will need to enter the cost per unit energy saved 
relative to either Current Accounts or another scenario. Bear in mind that energy 
intensities may change over time even in a policy neutral scenario, so you should 
normally specify CSE costs relative to some baseline scenario. However, if you 
expect energy intensities to be constant over time then you can also specify CSE 
costs relative to Current Accounts intensities. When you pick the CSE method, a 
special screen will pop up (shown right) in which you can select the units (currency 
per unit of energy saved) and the scenario against which you will be specifying the 
costs. 


The CSE value you enter should represent the annual average cost per unit of 


energy saved. 


Use LEAP's AnnualizedCost function when you want to build-up this value by 
annualizing (levelizing) a capital cost. You can also include operations & 
maintenance (O&M) and administrative costs in the CSE. 


The CSE value you enter is used in LEAP's calculations in the following way: 
o When costs are specified relative to another scenario: 


Costs: = CSE, * Activity Level, * (Energy Intensityg. - Energy 
Intensity.,) 
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where s is the current scenario, BL is the baseline scenario, and t is 
the year. 


o When costs are specified relative to the Current Accounts intensity 
Cost; = CSE, * Activity Level, * (Energy Intensity - Energy Intensitys,) 


Note that CSE costs will be zero in the base year by definition since changes 
in energy intensity occur only in future scenario years. 


8.3.11 Activity Analysis Calculations 


For an activity analysis, calculations differ depending on whether you are conducting a 
final or useful energy demand analysis. 


8.3.11.1 Final Energy Demand Analysis 
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In a final energy demand analysis, energy demand is calculated as the product of the 
total activity level and energy intensity at each given technology branch (). Energy 
demand is calculated for the Current Accounts year and for each future year in each 
scenario. In other words: 


Dy st = TAp;s,t x Ely st 


Where D is energy demand, TA is total activity, EI is energy intensity, b is the 
branch, s is scenario and t is year (ranging from the base year [0] to the end year). 
Note that all scenarios evolve from the same Current Accounts data, so that when 
t=0, the above equation can be written as: 


Dp,o = TAp,o xX Elbo 


The energy demand calculated for each technology branch is uniquely identified 
with a particular fuel. Thus, in calculating all technology branches, LEAP also 
calculates the total final energy demand from each fuel. 


The total activity level for a technology is the product of the activity levels in all 
branches from the technology branch back up to the original Demand branch. In 
other words: 


TAps.t = Ab's,t x Ap" st x Ap st Xvee 


Where Ap is the activity level in a particular branch b, b' is the parent of branch b, 
b" is the grandparent, etc. Note that those branches marked as having "No data" as 
well as the top level "Demand" branch are treated as having an activity level of 1. 
The activity level values of other branches with percentage units (e.g. percent 
shares or percent saturations) are always divided by 100 to yield a fractional value 
from zero to one in the calculations. 
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8.3.11.2 Useful Energy Demand Analysis 


In a useful energy demand analysis, energy intensities are specified, not for a 
technology, but at one level up, for an aggregate energy intensity (i). 


In Current Accounts you specify final energy intensities for the aggregate 
energy intensity branch (B), and fuel shares and efficiencies for each technology 
branch (&#). These data are used calculate the overall useful energy intensity for 
the aggregate energy intensity branch and the activity shares for each technology 
as follows: 


For each technology branch: 


UEb,o = Elaco x FSp,0 x EFF, 
Where b = 1..B 


Where Elaco is the final energy intensity in aggregate energy intensity branch, 
UE is the useful energy intensity in a technology branch b, FS is its fuel share, 
EFF is its efficiency, and b is one of B technology branches. 


The useful intensity of the aggregate energy intensity branch is the sum of the 
useful intensities for each technology branch: 


UEaco,0 = Sump = 1..3(UEp 0) 


The activity share (i.e. the share of the number of technologies, rather than the 
fuel share) is the product of the fuel share and efficiency of each technology 
b: 


ASp,o = UEp,o / UEace,o 
Where AS is activity share. 


The following example illustrates this calculation. Consider an aggregate 
energy branch with a final intensity of 100 GJ per activity (i.e. 100 GJ of fuel), 
and 2 technologies each of which has a 50% fuel share. The electricity 
technology has an efficiency of 100% and the natural gas technology has an 
efficiency of 70%. Thus, the useful energy intensities of the technologies are 
100 * 50% *100% = 50 GJ/activity and 100 * 50% * 70% = 35 GJ/activity 
respectively, and the activity shares are 50/85 = 59% and 35/85 = 41% 


respectively. 
Final Intensity Useful Intensity 
Heat 100 85 
Fuel Share Efficiency Useful Energy Activity Share 
Electricity 50 100% 50 59% 
Gas 50 70% 35 41% 
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e In scenarios, you enter expressions to independently project the Current 
Accounts values calculated above for the useful energy intensity of the aggregate 
energy intensity branch, the technology activity shares and their efficiencies. The 
final energy intensity for each technology is given by: 


Ely st = Ulace,st x AS», / EFFy st 


Overall energy demand for each technology is calculated in the same way as for a 
final energy demand. In other words: 


Dp5s,t a TAp;s,t x Ely st 


Note: when specifying aggregate energy intensities, but not conducting useful 
energy analysis, the above equations still hold and all efficiencies are set equal to 
100%. 


8.3.12 Non Energy Fraction 


Use the non-energy fraction to specify the fraction of the fuel that is consumed for non- 
energy purposes. NB: Non-energy consumption is calculated as a fraction of the product 
of the final energy intensity and activity level variables. By default, the non-energy 
fraction is zero. 


Fuels consumed for non-energy purposes are not subject to any of the emissions factors 
specified in the environmental loadings tab. That is they are assumed not to be 
burnt. However, CO2 emissions from fossil fuels consumed for non-energy purposes are 
calculated based on the fuel's carbon content and the fraction of the carbon that is 
permanently stored when the fuel is used for non-energy purposes. Both of these 
variables are specified on the fuels screen. 


Thus the amount of CO2 emitted from fossil fuels used for non-energy purposes is 
calculated as follows: 


CO2 = (Activity Level x Final Energy Intensity) x (Non Energy Fraction/100) x (Fuel 
Carbon Content/100) x (1-(Carbon Stored/100)) x (44/12) 


(where the product of activity level and energy intensity are assumed to be specified in 
weight terms, and 44/12 is the factor that converts from Carbon to Carbon Dioxide terms. 


This approach to CO2 accounting is most useful when you need to replicate the results of 
a detailed emissions inventory, which typically use the same accounting approach for 
non-energy fuel consumption. 


The Non-Energy Fraction variable is always specified at a technology branch (‘#), and is 


only available when using the standard final energy analysis method. It is not available 
when conducting useful energy analyses or transport analyses. 
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8.4 Stock Analysis 


Use the Demand Branch Properties screen to set-up a Stock Analysis for a demand 
technology. Technology branches at which stock analyses are being conducted are 
shown in the tree marked with the stock icon (W). 


In this method, energy consumption is calculated by analyzing the current and projected 
future stocks of energy-using devices, and the annual energy intensity of each device. In 
Current Accounts, you specify the current stock of devices and the current stock-average 
energy intensity and environmental loadings. In scenarios, you project future additions 
(sales) of devices and the energy intensity and environmental loadings associated with 
those newly added devices. LEAP then calculates the stock average energy intensity and 
environmental loadings across all vintages and hence, ultimately, the overall level of 
energy consumption and environmental loadings. 


Total energy consumption is thus calculated by the equation: 

energy consumption = stock of devices x energy intensity per device 
For more information, please refer to Stock Analysis Calculations 
8.4.1 Sales 


When conducting a Transport Analysis (©) or a Stock Analysis (@) for a demand 
technology you will need to specify information about the stocks and sales of devices or 
vehicles. This information is useful in situations where you want to more accurately 
model the costs of newly purchased devices or in situations where you want to model 
how a newly introduced energy efficiency, fuel economy or emission standard for sales 
of new technologies will translate into gradually improving overall average values across 
the total stock of devices (as new vehicles gradually replace older ones). 


Start by entering the base year stock of devices and specify a lifecycle profile describing 
the age distribution of vehicles within that stock, together with the sales of devices in the 
base year. In scenarios you specify future sales of devices. Stocks of devices are 
calculated automatically based on the software's vintaging calculations. 


8.4.2 Stocks 


When conducting a Transport Analysis or a Stock Analysis for a demand technology (‘?) 
you will need to specify information about the stocks and sales of devices or vehicles. 
This information is useful in situations where you want to more accurately model the 
costs of newly purchased devices or in situations where you want to model how a newly 
introduced energy efficiency, fuel economy or emission standard for sales of new 
technologies will translate into gradually improving overall average values across the 
total stock of devices (as new vehicles gradually replace older ones). 
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On the Demand Branch Properties screen, you select one of two basic approaches for 
entering stock and sales data. Either: 


1. You enter the base year stock of devices and specify a lifecycle profile describing 
the age distribution of vehicles within that stock, together with the sales of 
devices in the base year, or 


2. you specify historical sales in the years up to the Base Year, and a survival lifecycle 
profile describing the average fraction of vehicles surviving as they age. Base year stocks 
of devices are then calculated automatically based on the sales and survival rate data. 


In either case, in scenarios you only need to specify future sales of devices. Stocks of 
devices are calculated internally based on the software's vintaging calculations. 


8.4.3 Final Energy Intensity 


Final energy intensity is the annual average final energy consumption of a branch per unit 
of activity level. Final energy intensities are typically defined at the lowest level 
technology branches (&#), but can also be defined at the next level up, when specifying 
aggregate energy intensity branches ( &). 


8.4.3.1 Units 


LEAP lets you enter energy intensities for technologies in energy, mass or volume units. 
It will also automatically convert your data from one unit to another. Note that when the 
fuel is a pure energy form such as electricity, the units must be an energy unit. When 
specifying energy intensities for an aggregate energy intensity branch, you can only enter 
the intensity in energy units. 
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8.5 Transport Analysis 


Use the Demand Branch Properties screen to set-up a Transport Analysis for a demand 
technology. Technology branches at which transport analyses are being conducted are 
shown in the tree marked with the transport icon (®. 


With this Demand Analysis methodology, energy consumption is calculated as the 
product of the number of vehicles, the annual average mileage (i.e. distance traveled) and 
fuel economy (e.g. liters per km or 1/MPG). The base year stock of vehicles is either 
entered directly or calculated from historical vehicle sales data and a lifecycle profile 
describing survival rates as vehicles age. In scenarios, you can enter projections for future 
sales of vehicles, and for future levels of fuel economy, vehicle mileage and 
environmental loadings of newly added vehicles. Other lifecycle profiles are used to 
describe how mileage, fuel economy and environmental loadings change as vehicles age. 
LEAP then calculates the stock average values for fuel economy, mileage and 
environmental loadings across all vintages and hence, ultimately, the overall level of 
energy consumption and environmental loadings. 


Note: Unlike the other two demand analysis methods, which only allow emission factors 
to be specified per unit of energy consumed (e.g., kg/TJ), the Transport Analysis method 
also allows you to specify emission factors per unit of distance traveled by a vehicle (e.g. 
grammes/veh-mile), which is often more appropriate for regulated transport sector 
pollutant emissions. 


For more information, please refer to Transport Analysis Calculations 
8.5.1 Stocks 


When conducting a Transport Analysis or a Stock Analysis for a demand technology (‘) 
you will need to specify information about the stocks and sales of devices or vehicles. 
This information is useful in situations where you want to more accurately model the 
costs of newly purchased devices or in situations where you want to model how a newly 
introduced energy efficiency, fuel economy or emission standard for sales of new 
technologies will translate into gradually improving overall average values across the 
total stock of devices (as new vehicles gradually replace older ones). 


On the Demand Branch Properties screen, you select one of two basic approaches for 
entering stock and sales data. Either: 


1. You enter the base year stock of devices and specify a lifecycle profile describing 
the age distribution of vehicles within that stock, together with the sales of 
devices in the base year, or 


2. you specify historical sales in the years up to the Base Year, and a survival 
lifecycle profile describing the average fraction of vehicles surviving as they age. 
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Base year stocks of devices are then calculated automatically based on the sales 
and survival rate data. 


In either case, in scenarios you only need to specify future sales of devices. Stocks of 
devices are calculated internally based on the software's vintaging calculations. 


8.5.2 Sales 


When conducting a Transport Analysis (@) or a Stock Analysis (@) for a demand 
technology you will need to specify information about the stocks and sales of devices or 
vehicles. This information is useful in situations where you want to more accurately 
model the costs of newly purchased devices or in situations where you want to model 
how a newly introduced energy efficiency, fuel economy or emission standard for sales 
of new technologies will translate into gradually improving overall average values across 
the total stock of devices (as new vehicles gradually replace older ones). 


Start by entering the base year stock of devices and specify a lifecycle profile describing 
the age distribution of vehicles within that stock, together with the sales of devices in the 
base year. In scenarios you specify future sales of devices. Stocks of devices are 
calculated automatically based on the software's vintaging calculations. 


8.5.3 Mileage 


Use the Demand Branch Properties screen to set-up a Transport Analysis for a demand 
technology. Technology branches at which transport analyses are being conducted are 
shown in the tree marked with the transport icon (®). 


Use this screen to specify the mileage of newly purchased vehicles of a given vehicle 
type (%#). Mileage is defined as annual distance traveled per vehicle. 


In Current accounts, you can select among various standard distance units (or you can 
even add your own on the Units screen). You can also optionally specify a lifecycle 
profile describing how mileage changes as vehicles age. If you do not have information 
on how mileage changes as vehicles age, simply leave the profile set to its default value 
of Constant. 


Based on the mileage data you specify for newly purchased vehicles and the data you 
specified concerning vehicle stocks, sales and survival, the software will automatically 
calculate the stock average mileage. In the lower half of the screen you can use a toolbar 
to display either New Vehicle Mileage or Stock Average Mileage values as a chart or 
table. 


When specifying Current Accounts mileage data, it can be important to specify historical 
values so that the software can accurately calculate the correct base year stock average 
value. If you simply specify a single value for the mileage of vehicles sold in the base 
year, then the software will assume that same value also applies to all vehicles sold in 
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previous years. You can use Time-Series wizard to create an Interp function that specifies 
historical data for mileage. 


8.5.4 Mileage Correction Factor 


Use the Demand Branch Properties screen to set-up a Transport Analysis for a demand 
technology. Technology branches at which transport analyses are being conducted are 
shown in the tree marked with the transport icon (®). 


Overall vehicle mileage is calculated based on the data you specify for the mileage of 
new vehicles and the mileage degradation profile that describes how annual miles 
driven decreases as vehicles get older. These values are processed in LEAP's stock 
turnover calculations to yield the annual average mileage driven across the whole vehicle 
stock existing in each year. 


Finally, you can also specify a mileage correction factor to adjust the mileage value 
calculated for the total vehicle stock. This correction factor can be useful if you wish to 
create a model that examines driving rebound effects in which the miles driven in ALL 
vehicles (not just new vehicle) are responsive to certain policy variables such as the cost 
of gasoline. 


8.5.5 Fuel Economy 


Use the Demand Branch Properties screen to set-up a Transport Analysis for a demand 
technology. Technology branches at which transport analyses are being conducted are 
shown in the tree marked with the transport icon (®). 


Use this screen to specify the fuel economy of newly purchased vehicles of a given 
vehicle type (%#). Fuel economy is defined as energy consumption per unit of vehicle- 
distance traveled (or its inverse in the case of MPG). 


In Current accounts, you can select among various standard units for specifying fuel 
economy data including miles per gallon (US and UK versions) and Liters Per KM. You 
will also need to select the fuel used by the vehicle. You can also optionally specify a 
lifecycle profile describing how fuel economy worsens as vehicles age. Take special care 
with this profile. In the case of MPG fuel economy data this should be a constant or 
decreasing profile, while in the case of data specified in Liters per KM, the profile should 
be constant or increasing. If you do not have information on how fuel economy changes 
as vehicles age, simply leave the profile set to its default value of Constant. 


When entering fuel economy data, the software can also help you convert values from 
one unit to another. Simply enter the value in one unit (e.g. MPG) and then select another 
unit (e.g. Liters/100 KM). LEAP will ask you if you wish to convert the value you 
entered. Notice also that you can enter data in any unit, and even mix units within an 
analysis. The software will automatically convert units to a common base unit during 
calculations, at which point you will also be able to review results in a wide range of 
different units. 
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The fuel economy data you enter, should represent the on-road fuel economy of newly 
purchased vehicles. Based on this data and the data you specified concerning vehicle 
stocks, sales and survival, LEAP will automatically calculate the stock average fuel 
economy. In the lower half of the screen you can use the toolbar shown below to display 
either New Vehicle Fuel Economy or Stock Average Fuel Economy values as a chart 
or table. You can also use the toolbar, to view the data in different units including MPG 
(US and UK), Liters per 100 KM or KW-hr per 100 KM (useful for electric and 
hydrogen/fuel cell vehicles). 


| Show: [Stock Average Fuel Economy 7| | Unit: JLiters per 100 km 7| 


When specifying Current Accounts fuel economy data, it can be important to specify 
historical values so that the software can accurately calculate the correct base year stock 
average value. If you simply specify a single value for the fuel economy of vehicles sold 
in the base year, then the software will assume that same value also applies to all vehicles 
sold in previous years. You can use Time-Series wizard to create an Interp function that 
specifies historical data for fuel economy. 


8.5.6 Fuel Economy Correction Factor 


Use the Demand Branch Properties screen to set-up a Transport Analysis for a demand 
technology. Technology branches at which transport analyses are being conducted are 
shown in the tree marked with the transport icon (®). 


The Fuel Economy Correction Factor variable is primarily useful when modeling U.S. 
vehicles in which the data on fuel economy provided by the Federal Government reflects 
a level of fuel economy that can be achieved in laboratory tests. Typically this value is 
higher than real-world levels of fuel economy that can be achieved on the road. A 
correction factor of about 0.8 is generally used to convert from "rated" to "on-road" fuel 
economies. Keep the default correction factor of 1.0 if your original fuel economy data 
reflects on-road conditions. 


In LEAP's calculations, the Fuel Economy variable is combined with the fuel economy 
degradation profile data and processed in LEAP's stock turnover calculations to yield 
the stock average rated fuel economy. This value is then multiplied by the fuel 
economy correction factor to yield the stock average on-road fuel economy result. 
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8.6 Demand Calculations 


Energy demand calculations in LEAP differ depending on whether you are conducting an 
Activity Analysis, a Stock Analysis or a Transport Analysis. In addition, within an 
activity analysis, they differ depending on whether you are conducting a final or useful 
energy demand analysis on a set of branches. 


8.6.1 Activity Analysis Calculations 


For an activity analysis, calculations differ depending on whether you are conducting a 
final or useful energy demand analysis. 


8.6.1.1 Final Energy Demand Analysis 


In a final energy demand analysis, energy demand is calculated as the product of the 
total activity level and energy intensity at each given technology branch (). Energy 
demand is calculated for the Current Accounts year and for each future year in each 
scenario. In other words: 


Dp;s,t = TAps,t x Ely st 


Where D is energy demand, TA is total activity, EI is energy intensity, b is the 
branch, s is scenario and t is year (ranging from the base year [0] to the end year). 
Note that all scenarios evolve from the same Current Accounts data, so that when 
t=0, the above equation can be written as: 


Dyo = TAy0 xX Elyo 


The energy demand calculated for each technology branch is uniquely identified 
with a particular fuel. Thus, in calculating all technology branches, LEAP also 
calculates the total final energy demand from each fuel. 


The total activity level for a technology is the product of the activity levels in all 
branches from the technology branch back up to the original Demand branch. In 
other words: 


TAbp st = Ab's,t x Ab";s,t x Ab"'s,t X vee 


Where Aj is the activity level in a particular branch b, b' is the parent of branch b, 
b" is the grandparent, etc. Note that those branches marked as having "No data" as 
well as the top level "Demand" branch are treated as having an activity level of 1. 
The activity level values of other branches with percentage units (e.g. percent 
shares or percent saturations) are always divided by 100 to yield a fractional value 
from zero to one in the calculations. 
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8.6.1.2 Useful Energy Demand Analysis 
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In a useful energy demand analysis, energy intensities are specified, not for a 
technology, but at one level up, for an aggregate energy intensity (i). 


In Current Accounts you specify final energy intensities for the aggregate 
energy intensity branch (B), and fuel shares and efficiencies for each technology 
branch (&#). These data are used calculate the overall useful energy intensity for 
the aggregate energy intensity branch and the activity shares for each technology 
as follows: 


For each technology branch: 


UEb,o = Elaco x FSp,0 x EFF, 
Where b = 1..B 


Where Elaco is the final energy intensity in aggregate energy intensity branch, 
UE is the useful energy intensity in a technology branch b, FS is its fuel share, 
EFF is its efficiency, and b is one of B technology branches. 


The useful intensity of the aggregate energy intensity branch is the sum of the 
useful intensities for each technology branch: 


UEaco,0 = Sump = 1..3(UEp 0) 


The activity share (i.e. the share of the number of technologies, rather than the 
fuel share) is the product of the fuel share and efficiency of each technology 
b: 


ASp,o = UEp,o / UEace,o 
Where AS is activity share. 


The following example illustrates this calculation. Consider an aggregate 
energy branch with a final intensity of 100 GJ per activity (i.e. 100 GJ of fuel), 
and 2 technologies each of which has a 50% fuel share. The electricity 
technology has an efficiency of 100% and the natural gas technology has an 
efficiency of 70%. Thus, the useful energy intensities of the technologies are 
100 * 50% *100% = 50 GJ/activity and 100 * 50% * 70% = 35 GJ/activity 
respectively, and the activity shares are 50/85 = 59% and 35/85 = 41% 


respectively. 
Final Intensity Useful Intensity 
Heat 100 85 
Fuel Share Efficiency Useful Energy Activity Share 
Electricity 50 100% 50 59% 
Gas 50 70% 35 41% 
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e In scenarios, you enter expressions to independently project the Current 
Accounts values calculated above for the useful energy intensity of the aggregate 
energy intensity branch, the technology activity shares and their efficiencies. The 
final energy intensity for each technology is given by: 


Ely st = Ulace,st x AS», / EFFy st 


Overall energy demand for each technology is calculated in the same way as for a 
final energy demand. In other words: 


Dp5s,t a TAp;s,t x Ely st 


Note: when specifying aggregate energy intensities, but not conducting useful 
energy analysis, the above equations still hold and all efficiencies are set equal to 
100%. 


8.6.2 Stock Analysis Calculations 


Use the Demand Branch Properties screen to set-up a Stock Analysis for a demand 
technology. Technology branches at which stock analyses are being conducted are 
shown in the tree marked with the stock icon (M#). For a given technology branch, the 
following equations describe the calculations for the stock analysis methodology: 


Stock Turnover 


Stock, y, = Sales, , ‘Survival, ,_, 


Stock, y = a. ax Stack yy 3 


Where: 


t is the type of technology (i.e. the technology branch) 

v is the vintage (i.e. the year when the technology was added) 

y is the calendar year 

Sales: is the number of vehicles added in a particular year: entered as an expression. 
Stock is the number of devices existing in a particular year: either entered as an 
expression for Current Accounts or calculated internally based on historical sales. 
Survival is the fraction of devices surviving after a number of years: entered as a 
lifecycle profile. 

V is the maximum number of vintage years: determined automatically from the 
survival lifecycle profile, with a maximum of 30 years. 


Energy Intensity 
Hnergyintensity, — Hnergylntensity, 5 Degradation, = 


Where: 
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EnergyIntensity is energy use per device for new devices purchased in year y. 
Entered as an expression. 

Degradation is a factor representing the change in energy intensity as a technology 
ages. It equals 1 when y=v. Entered as a lifecycle profile. 


Energy Consumption 


EnergyConsumption, +o Stock, a. Energyintensity, ss 


8.6.3 


Energy-Based Emissions (e.g. CO, and other Greenhouse Gases) 


Emission, re EnergyConsumption, ie EmissionFactor,, 3 EmDegradation 


wi ty-vp 


Emission results are calculated and then displayed in the Results View. 
8.6.4 Transport Analysis Calculations 


Use the Demand Branch Properties screen to set-up a Transport Analysis for a demand 
technology. Technology branches at which transport analyses are being conducted are 
shown in the tree marked with the transport icon (®). 


For a given branch, the following equations describe the transportation calculations: 


Stock Turnover 


Stock, y, = |Sales, ,' Survival, ,_, | 


Stock, , = >. og p OK yy 


Where: 


t is the type of vehicle (i.e. the technology branch) 

v is the vintage (i.e. the model year) 

y is the calendar year 

T is the number of types of vehicles 

Sales: is the number of vehicles added in a particular year: entered as an expression. 
Stock is the number of vehicles existing in a particular year: either entered as an 
expression for Current Accounts or calculated internally based on historical sales. 
Survival is the fraction of vehicles surviving after a number of years: entered as a 
lifecycle profile. 

V is the maximum number of vintage years: determined automatically from the 
survival lifecycle profile, with a maximum of 30 years. 


For example, the remaining stock of government cars built in 1990 in the calendar year 


2000 will be the sales of those cars in 1990 times the fraction that survive 10 years (2000- 
1990). 
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Fuel Economy 


FPuelHconomy, ,, = FuelHconomy, ,' FeDegradation, 
ty ty ty 


Where: 


FuelEconomy is fuel use per unit of vehicle distance traveled (i.e. 1/MPG). Entered 
as an expression. 

FeDegradation is a factor representing the decline in fuel economy as a vehicle 
ages. It equals 1 when y=v. Entered as a lifecycle profile. 


Mileage 


Mileage, ,, = Mileage, 3 MiDegradation, i+ 


tyy 
Where: 


Mileage is annual distance traveled per vehicle. Entered as an expression. 
MlDegradation is a factor representing the change in mileage as a vehicle ages. It 
equals 1 when y=v. Entered as a lifecycle profile. 


Energy Consumption 


EnergyConsumption, is Stock, , .' Mileage 


ia ‘ PuelHconomy, jy 


tyy 


8.6.5 


Distance-Based Pollution Emissions (e.g. Criteria Air Pollutants) 


Emission, PON Stock, ioe Mileage, oy EmissionFactor, , * EmDegradation, — 


Where: 


P is any criteria air pollutant. 

EmissionFactor is the emissions rate for pollutant p (e.g. grammes/veh-mile) from 
new vehicles of vintage v. Entered as an expression. 

EmDegradation is a factor representing the change in the emission factor for 
pollutant p as a vehicle ages. It equals 1 when y=v. Entered as a lifecycle profile. 


Energy-Based Emissions (e.g. CO2 and other Greenhouse Gases) 


Emission = EnergyConsumption, +i EmissionPactor, ' HmDegradation 


TYP iY P Ty-vyP 


Emission results are calculated and then displayed in the Results View. 
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9 Transformation 
9.1. Transformation Analysis 


In a Transformation analysis, you simulate the conversion and transportation of energy 
forms from the point of extraction of primary resources and imported fuels all the way to 
the point of final fuel consumption. As with your demand analyses, alternative scenarios 
can be used represent different future Transformation configurations reflecting alternative 
assumptions about policies and technologies. 


The general data structure of a Transformation ©-(4 Transformation 


analysis is shown on the right. = Module 
=} Processes 

(=) Modules: Under the top Transformation =). Process! 
branch you can add any number of modules. = Feedstock Fuels 
A module is a branch representing an energy $¢ Fuel 1 
conversion sector such as_ electricity #& Fuel 2 
generation, oil refining, district heating, =| Auxilliary Fuels 
charcoal making, transmission = and 2% Fuel 1 
distribution, etc. Note that the ordering of ; 2 Fuel 2 
modules will affect your calculated results. Eg Process2 
Energy flows from the primary resources = Feedstock Fuels 
listed at the bottom of the screen up through 2 Fuel 1 
each of the Transformation modules, until it is 2 3 Fuel 2 
eventually consumed in the Demand devices =)49 Auxiliary Fuels 
listed in your Demand analysis. At the module = Fuel 1 
level, you also define the basic parameters for = a Fuel 2 
simulating the operation of the energy 4) Output Fuels 
industry, such as whether you wish to specify a Fuel 
capacity restrictions, and how you want to 3 Fuel 2 


simulate the dispatch of different processes. 


“Processes: Below each module, you can create any number of processes. 
Processes represent the individual technologies that convert energy from one form 
to another or transmit or distribute energy, such as individual power plants or 
groups of power plants. Processes are grouped under a single category branch 
labeled "Processes". For each process, you define technology data such as 
capacities, efficiencies, capacity factors, capital and operating and maintenance 
costs. 


\) Feedstock Fuels: Each process has one or more feedstock fuels. 
Feedstocks are the fuels converted within the process itself, such that the 
efficiency of a process is defined as the ratio of the total energy content of all 
output fuels produced by the process divided by the total energy content of all 
feedstock fuels consumed. 
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Auxiliary Fuels: Each process can optionally have one or more auxiliary 
fuels. Auxiliary fuels are used to represent subsidiary or own-use energy 
consumption in a Transformation process, such as electricity used in an oil 
refinery or the own-use of electricity in a power plant. 


\ Output Fuels: Each module has one or more output fuels. The module's 
processes are dispatched to try and meet any requirements for its output fuels. You 
can choose either to specify each fuel's share of the total energy output from a 
module, or to have LEAP calculate output shares on the assumption that they are 
proportional to the requirements on the module. NB: note that output fuels are 
specified for the module as a whole. In general, you can specify separate outputs for 
each process. However you can optionally specify a single co-product fuel (e.g., 
heat) , which can produced by only certain processes. Go to the module properties 
screen to specify a coproduct fuel. 


Transformation calculations are driven by the results of the your Demand analysis. 
Succeeding modules satisfy one set of fuel requirements but create another set of input 
requirements. (for example, an electricity generation module meets requirements for 
electricity but creates additional requirements for its own feedstocks. The final outcome 
of calculating all modules is a set of requirements for primary resources (fossil-fuel or 
renewable) and for imports of fuels into the Area. 


9.1.1 Set Up 


There are four basic steps involved in setting up a Transformation model: 
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1. Identify Modules to Include: A module represents an energy industry or sector 


such as electricity generation, oil refining, district heating, charcoal production, or 
electricity transmission and distribution. You will want to include all current 
modules, and, depending on the time-scale of your analysis any planned or 
potential future modules, even those that may not yet be significant, such as 
cogeneration, biofuel production, and perhaps even hydrogen production. One 
starting point would be to examine the rows in the conversion section of an 
energy balance to identify the modules for the area you are studying. 
Alternatively, you can work from the module structure which exists in LEAP's 
default data set. By editing the tree in your LEAP area, you can change the default 
module structure. Modules can be added, deleted or changed to fit your study's 
requirements. 


Sequence Modules: Make sure you arrange modules on the tree into a correctly 
ordered list. The ordering of the modules reflects their position in the sequence of 
energy flows through an area. Thus, transmission and distribution modules are 
normally placed near the top (close to Demand), conversion modules such as 
electricity generation are placed in the middle, and primary resource extraction 
modules are placed at the bottom of the list. 
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3. Set Module Properties: In setting-up each module, it is important to consider 
how each module is to be represented. For example, whether you wish to model 
capacity constraints, or whether you want to assume that a module can always 
meet its requirements. Modules without capacity restrictions require less data and 
are generally easier to set-up and debug, but may not accurately reflect real-world 
situations. 


4. Determine Level of Detail and Enter Data: Another important consideration is 
the level of detail to include in each module. Each module is divided into one or 
more processes. A process describes an individual technology or a group of 
technologies. You need to decide whether you wish to include each individual 
technology (e.g. each power plant) or whether you want to model groups of 
similar technologies as a single process (e.g. all diesel peaking plants). While 
there are no particular limits on the number of processes you can include in each 
module, bear in mind that the more processes you include, the more complex your 
model will be to set-up, interpret and debug and the slower your calculations will 
be. For each process, you enter technical data such as capacities, efficiencies, and 
output fuels. You can also enter cost data, and describe the environmental 
loadings of feedstocks and auxiliary fuels through links to TED. 


9.1.2 Transformation Data 


The data you need to enter for a Transformation module, depend on the properties you set 
for each module, and in particular whether or not you choose to enter capacities and costs, 
and which dispatch rule you specify. Use the Module Properties screen to set these 
options. 
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9.2 Module Data 
9.2.1 Module Properties 


Use the Module Properties screen to [Rei epesssies 
edit the name and set the properties of 
each Transformation module. These 
settings will determine which data are 
shown in the Analysis View, and how Se 

the module will be treated during | ~°* 

LEAP's calculations. Notice that | “°° 

some settings will only be visible System Load Curve (required if dispatching by cost or merit order) _ 
when other settings have been | ~°**** i. 
chosen. In particular, when you 
choose Simple Non-Dispatched 
Module, most settings will be hidden. 


Name: Electricity Generation 


—_ 


|_|Simple non-dispatched module: one output fuel per process. 


[_] Output shares (otherwise outputs in proportion to requirements). 


Enter efficiency data as: 
© Efficiencies OLosses Oudeat rates 


ES 


9.2.1.1 Simple, Non-Dispatched Module 


Check this box if you wish to create a Simple Non-Dispatched Module. This is 
used in cases where you have one or more independently dispatched processes, 
each of which has its own output fuel. This type of module is particularly useful 
when you want to represent transport losses in a number of different fuels. For this 
type of module, the separate output fuels branch category is not used. Instead, you 
pick the output fuel for each process on the efficiency or loss tab. For more 
information, see the schematic diagrams of simple modules and standard modules. 


9.2.1.2 Types of Data to Include 
Use these settings specify which types of data are to be entered for the module. 


e Costs: If you do not intend to include cost data, then un-checking this setting will 
reduce the number of data tabs shown on the process data entry screens. 


e Capacities: Processes without capacity data operate without capacity 
restrictions. These processes require less data and are generally easier to set-up 
and debug, but may not fully reflect real-world situations. Note also, that if you 
leave this setting unchecked then other options such as simulating system loads 
and dispatching processes by merit order will be unavailable. 


e System Load Curve: Check this option if you wish to examine how a module's 
processes are dispatched to meet both the annual energy and instantaneous power 
requirements on a module. This option is required if you wish to dispatch 
processes by merit order or running cost. This option generally is relevant only 
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when modeling electricity generation systems in which it is important to simulate 
both the annual demand for energy as well as how plants are dispatched to meet 
the instantaneous demand for power. This option is available only if "Capacities" 
is also checked. 


Co-product Fuel: If you wish to simulate one or more processes that co-generate 
heat and electricity, then check this setting and select the co-generated fuel. 
Typically, you will specify electricity as your main Output fuel, and heat as the 
co-product fuel or vice-versa. This approach is generally recommended instead of 
specifying two separate output fuels, since it allows each process to produce 
different fractions of heat and electricity (by specifying separate efficiencies for 
the main output fuel(s) and the co-generated fuel). Note also, that it is possible to 
specify that only a subset of processes produce a co-product. For example, some 
thermal plants may produced heat, while hydro and wind plants will not. This is 
done by entering different values for the co-product share for different processes. 


Output Shares: Use this box to specify whether you want to explicitly enter data 
on Output Shares (the share of total energy output from provided by each fuel). If 
this setting is not checked, then output shares will be calculated in proportion to 
the requirements on the module. This option has no effect if a module has only 
one output fuel. 


9.2.1.3 Enter Efficiency Data as... 


Use this box to specify how efficiency data is to be entered: as a percentage thermal 
efficiency (i.e. energy output per unit of energy input), as a heat rate (i.e. energy 
input per unit of energy output), or as a percentage loss. Note that when using heat 
rates, all processes must be specified with the same units (e.g. TOE/MWhr). 


9.2.2 System Load Data 


For electricity generation modules, you may want to enter information about system 
loads in order that LEAP can more accurately simulate both the annual demand for 
energy as well as how plants are dispatched to meet the instantaneous demand for power. 


Use the Module Properties screen to specify whether or not you want to enter system load 
information, and to specify whether you want to specify peak load information in the 
form of a detailed System Load Curve or as a simple load factor. The data entry tables for 
each of these two options are described below: 


System Load Curve: A system load curve shows how the peak power demands 
on a system (normally an electric system) vary over time. When using this option, 
you enter specify seven points on a load duration curve in the form of hours and 
percentage of peak load (as shown below). You must specify one system load 
curve for Current Accounts and you can also specify how the curve changes in 
each scenario. For example, the introduction of demand-side management 
programs in a scenario may be designed to lead to reduced demand at peak load 
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hours, and thus the load curve will tend to flatten over time, representing a higher 
load factor. 


% Maxi mum 

system load 

entered. 

LEAP 

calculates 

peakin Myy 

in each Enter the Current 


scerario accounts load curve 

year. shape, and optionally 
how it will change over 
time. 


Percen! ofPeak Loext 
onO®#HNHHORARARARHRBRA 


o SD 100 140 2000 280 3000 380 +00 +S $00 $80 600 640 700 7480 S00 380 
Cunmise Hours 


The values on the X axis of the curve are the hours in the year (from 0 to 
8760), the values shown on the Y axis are the peak loads on the system at any 
given hour (sorted with the highest load on the left and the lowest on the right), 
each expressed as a percentage of the system's maximum peak load. Since the 
module's capacity is known from the data you enter on the capacity tab, and 
the area under the curve is, by definition, equal to the annual energy generated 
by the module (which is calculated each year) , LEAP is able to translate the 
percentage values into actual MW values and thus calculate the maximum 
system load. 


For information on how LEAP dispatches processes to meet the power 
requirements specified in the load curve, see topic: Dispatching Processes on 
a Load Curve. 


e Load Factor: if you do not have information about the system load curve you can 
enter the average system load factor, which is defined as follows: 


Load Factor = Total Output (MWh/yr.) 
Maximum System Load (MW) x 8760 (hr/yr.) 


Using a simple load factor rather than system load curve is equivalent in LEAP's 
calculations to assuming a flat load curve, the height of which is the system load 
factor. Because the load curve is flat, this approach tends to overestimate the 
dispatch of base load plants, and underestimate the dispatch of peak load plants. 
Thus, it is strongly recommended that you fully specify a system load curve 
whenever possible. 


Transformation 


9.2.3 Module Costs 


NB: Cost data is shown only if the Cost Data checkbox has been checked in the Module 
Properties screen. 


Use the Module costs variable to specify costs for a whole module that do not vary per 
unit of capacity or energy consumed, as do the capital and operating & maintenance costs 
specified for each process. 


Module costs can be useful for specifying one-time expenses such as a program to reduce 
to reduce the system load factor, or to reduce transmission and distribution losses. 


9.2.4 Planning Reserve Margin 


The planning reserve margin is used by LEAP to decide when to automatically add 
additional endogenous capacity. LEAP will add enough additional capacity to maintain 
the planning reserve margin on or above the value you have set. 


Planning reserve margin is defined as follows: 
Planning Reserve Margin (%) = 100 * (Module Capacity - Peak Load) / Peak Load 


Module Capacity = Sum(Capacity * Capacity Value) for all processes in the 
module. 


Peak load is calculated based on the requirements for electricity and the module load 
factor (which may itself be based on the shape of a module load curve). Electricity 
requirements are calculated based on your energy demand analysis and any upstream 
electricity losses (for example in a Transmission and Distribution module). 
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9.3. Process Data 
9.3.1 Process Dispatch Rules 


The Process Dispatch Rule sets how a process is dispatched on and after the First 
Simulation Year. When dispatching processes to try and meet the energy and power 
requirements for each module, LEAP can operate in two different modes as follows: 


e Historical Dispatch is used in each year before the first simulation year. In these 
years, LEAP runs each process up to the amount specified in the Historical 
Production variable. 


e Simulation: From the first simulation year onwards, LEAP simulates dispatch 
using the Process Dispatch Rule specified for each process. 


Process Dispatch Rules are set in Current Accounts for each process and cannot be 
varied across scenarios (although you can set different rules for each region). There are 5 
different rules to choose from, but bear in mind that only some of these rules may be 
available depending on the data you choose to specify for the module. Use the Module 
Properties screen to indicate the types of data defined at each module. 


Dispatch Rules 


e By Process Share: This is the simplest rule in which you simply specify that a 
process will run to meet a certain percentage fraction of the requirements on the 
module (so long as their is sufficient available capacity). For example, you may 
wish to specify that an electricity module produces 50% of its electricity from 
coal, 20% from hydro and 30% from natural gas. These shares can change over 
time. This rule is useful if you have results taken from the calculations of another 
model that you wish to include in LEAP. For example: if you have separate 
electric sector projections of plant operation, you could enter those results in 
LEAP to check the validity of sectoral plans against the integrated planning 
viewpoint in LEAP. 


The following rules are available only if capacity data are also specified: 


e In Proportion to Available Capacity: With this rule, processes are dispatched to 
try and meet the requirements on a module. If the available capacity exceeds the 
amount needed to meet requirements then each process will be dispatched in 
proportion to its available capacity (Capacity * Maximum Availability). For 
example, if two plants are defined and one is rated at twice the available capacity 
of the other then they will run to produce outputs in a ratio of 2:1. 


e Run to Full Available Capacity: With this rule, processes are run to produce 
their full available capacity regardless of the requirements on the module. You 
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can use this option to simulate export-driven energy industries for which the level 
of domestic requirements are unimportant (e.g., an export driven refinery). 


The following rules are available only if capacity data and system load curve data 
are specified: 


e In Ascending Merit Order: Use this option to simulate the dispatch of electric 
generation power plants to meet both the annual demand for electricity as well as 
the instantaneous demand for power in different periods of the year. Plants will be 
dispatched according to their specified merit orders as defined in the Merit Order 
variables. Each plant will be run (if necessary) up to the limit of its maximum 
capacity factor in each dispatch period. 


The following rule is available only if capacity data, system load curve data and 
costs data are specified: 


e In Ascending Order of Running Cost: This option is similar to the "merit order" 
option except that processes will be dispatched in ascending order of their overall 
running costs (defined as variable cost + fuel cost). 


9.3.2 Process Shares 


If you have chosen to dispatch processes by entering process shares on the Process 
Dispatch Rules screen you will use this screen to enter the percentage share of energy 
requirements met by each process. 


Because you can mix and match different dispatch rules it is possible to dispatch some 
processes by share and others by merit order. For example, you may wish to model a 
renewable portfolio standard that requires that (say) 15% of electric generation comes 
from wind and other renewable sources. These can be modeled using a percentage share 
dispatch, while other conventional power plants can be dispatched by merit order. For 
this reason, process shares do not need to sum to 100%, although they should sum to less 
than or equal to 100%. 


9.3.3 Merit Order 


The Merit Order of a process indicates the order in which it will be dispatched. The merit 
order variable is only shown when you have specified that a Transformation module's 
properties include capacity data and system load curve data, and is only used in a 
dispatch simulation if the Process Dispatch Rule is set to dispatch "in ascending merit 
order". 


Processes with the lowest value merit order are dispatched first (base load) and those with 
the highest merit order are dispatched last (peak load). Processes with equal merit order 
are dispatched together in proportion to their available capacity (Capacity * 
Availability). Merit order values can be input as simple numbers or as expressions, just 
like other LEAP variables. Also just like other LEAP variables they can vary by scenario 
and over time (from year to year). 
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Merit order is defined for each dispatch period in a year. If the system load shape is 
defined exogenously (as a load curve entered at the module level) then only one dispatch 
period will be defined. However, if your system load shape is calculated endogenously 
then there may be up to four different dispatch periods and a merit order will have to be 
defined for each dispatch period. This allows processes to be dispatched differently in 
different seasons of a year. For example, a hydro plant may be dispatched as base load 
(merit order = 1) in a wet season and as peak load in a dry season. The General: Time 
Slices screen is used to view and edit how a year is divided into different dispatch 
periods. Use the Load tab on the General Basic Parameters screen to set whether the 
system load shape is defined exogenously or calculated endogenously. 


9.3.4 Peak System Demand 


The peak demand for power on a module. Normally this variable is calculated 
endogenously within LEAP. However, you may wish to calibrate the base year peak 
loads calculated in LEAP to match actually data values, in which case you may wish to 
enter a value for this variable. If you wish to do this, go to the General: Basic 
Parameters: loads screen and check the box marked "Calibrate System Load to actual 
base year peak demand." 


9.3.5 First Simulation Year 


When dispatching processes to try and meet the energy and power requirements for each 
module, LEAP can operate in two different calculation modes as follows: 


1. Historical dispatch is used in each year before the first simulation year. In these 
years, LEAP runs each process up to the amount specified in the Historical 
Production tab. If the amount specified in the Historical Production tab would 
cause the process to exceed its maximum available capacity, LEAP displays a 
diagnostic error message. 


2. Simulation: From the first simulation year onwards, LEAP simulates dispatch 
using the Process Dispatch Rule specified for each process. 


In earlier versions of LEAP you could only set historical production for the base year (in 
a variable called Base Year Output that has now been removed). In the latest versions 
of LEAP you can specify historical production for any years before the first simulation 
year. Moreover, this year can vary between processes. 


Tips: 
1. If you want dispatch to be simulated in ALL years (i.e. you want LEAP to never 
use Historical Production values) then set the First Simulation Year to a year 


before the base year. 


2. Conversely, if you want LEAP to always use historical production values set the 
First Simulation Year to a year after the study end year. 
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9.3.6 Efficiency 


Process efficiency data can be specified in three different ways: as a percentage 
efficiency, as a heat rate or as the percentage energy losses. You can set which method 
you want to use, by editing the module properties. 


9.3.6.1 Efficiencies 


The default method is to specify the percentage ratio of energy outputs (not 
including any co-product energy recovered) to feedstock energy inputs in each 
process. All efficiencies must be greater than zero. When entering efficiencies for 
processes, around 33% is typical for base-load steam generation. This also may be 
used as a nominal value for hydro-electric stations so that primary resource 
requirements for fossil fuels and hydro can be easily compared. Another common 
approach is to use a 100% efficiency for hydropower and renewable electricity 
generation systems. If you specifically enter imports as one of the process types, 
enter 100% for their efficiencies. 


9.3.6.2 Heat Rate 


Efficiency data can also be specified as a heat rate (the rate of feedstock fuel 
required per unit of energy produced - efficiency data is often expressed in this 
form for electricity plants). 


9.3.6.3 Losses 


Efficiency can also be specified as the percentage of energy lost in a process. This 
approach can be useful for specifying transmission and distribution systems. 


9.3.7 Maximum Availability 
Note: Previously referred to as: Maximum Capacity Factor (MCF). 


The maximum availability of a process is the ratio of the maximum energy produced to 
what would have been produced if the process ran at full capacity for a given period 
(expressed as a percentage). Maximum availability is normally defined by planned and 
forced outages. It is entered along with capacity data, and the product of the two is the 
maximum available capacity in any given period. 


Use this variable to put an upper limit on the availability of processes. 


Maximum Availability is only shown when you have specified that a Transformation 
module's properties include capacity data. 


Maximum Availability is defined for each dispatch period in a year. If the system load 
shape is defined exogenously (as a load curve entered at the module level) then only one 
dispatch period will be defined. However, if your system load shape is calculated 
endogenously, then there may be up four different dispatch periods and Maximum 
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Availability data will have to be defined for each dispatch period. The General: Time 
Slices screen is used to view and edit the how a year is divided into different dispatch 
periods. 


Use the Load tab on the General Basic Parameters screen to set whether the system load 
shape is defined exogenously or endogenously. 


9.3.8 Exogenous Capacity 
Capacity data can be specified in two different ways in a Transformation analysis: 


e Exogenous Capacity values are explicitly entered by the user, and are normally 
used to reflect existing capacity as well as planned/committed capacity additions 
and retirements. Notice that in all years you need to specify total capacity, NOT 
additions and retirements. 


e Endogenous Capacity values are those capacity values calculated internally by 
LEAP in order to maintain a minimum planning reserve margin. Endogenous 
capacity additions occur in addition to the exogenous level of capacity specified 
on the Exogenous Capacity data table. 


e In either case, bear in mind that the capacity variable is only available if you 
specify on the Module Properties screen to that capacity data is to be entered for a 
module. 


Tip: For exogenous capacity additions and retirements, you can use the Time Series 
Wizard to specify a Step function that lists the capacity values in any year when an 
addition or retirement takes place. 


9.3.9 Endogenous Capacity 
Capacity data can be specified in two different ways in a Transformation analysis: 


e Exogenous Capacity values are explicitly entered by the user, and are normally 
used to reflect existing capacity as well as planned/committed capacity additions 
and retirements. 


e Endogenous Capacity values are those capacity values calculated internally by 
LEAP in order to maintain a minimum planning reserve margin. Endogenous 
capacity additions occur in addition to the exogenous level of capacity specified 
on the Exogenous Capacity data table. 


In either case, the capacity variable is only available if you specify on the Module 
Properties screen that capacity data is to be entered for a module. 


For endogenously added capacity, instead of specifying the total capacity additions and 


retirements, you create a list of the processes that are available to be added, and specify 
the addition size and order of addition for each process. For example, if the type of power 
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plants that are expected to be added to an electric system consist of 500 MW coal steam 
power plants, balanced by 300 MW oil combustion turbines, then you would enter the 
following information: 

Endogenous Capacity Additions (Megawatt) 


Processes added to maintain planning reserve margin defined for module (35% in 2000) 


Addition Build Addition Size 
Order Order WEEE 2001-2030 Expression 
1 0 New Coal Steam 
2 0 New Oil CT 300 


Notice that the onus is on you to make sure that the plants specified will maintain a good balance between 
base load and peak load plants. In the screen shown above, 500 MW of coal steam plant will be added first 
(i.e. the process with addition order = 1), followed by 300 MW of oil combustion turbine plants (addition 
order = 2). Should further additions be required in any given year to maintain the reserve margin above the 
value specified on the Planning Reserve Margin screen, then a further 500 MW of coal will be built, 


followed by a further 300 ME of oil and so on. Click the Add button (4) to add a process to the list. You 
can select any process already defined within the module. Click the Delete button (") to remove the 
process from the list. Notice that deleting the process here does not delete it from the tree. Use the Up (‘ty 


and Down (¥) buttons to change the order of the processes in the list (i.e. the order in which LEAP cycles 
through the processes during the endogenous expansion calculation). When each endogenously added 
process reaches its specified lifetime, it will be automatically retired (and additional processes added if 
necessary). When specifying, the addition size, you can use LEAP's built in expressions to specify different 
addition sizes as a function of years using a conditional function of the following type: 


If( Greaterthan(Year, X), AdditionSizeFirstPeriod, AdditionSizeSecondPeriod) 


where X is any year, AdditionSizeFirstPeriod is the addition size on or before 
year X and AdditionSizeSecondPeriodand is the addition size after year X. 


Note that the year in which LEAP starts adding endogenous capacity will depend upon 
such factors as: 


e How quickly electricity requirements increase. 


e The initial reserve margin (if it is much higher than the planning reserve margin 
then LEAP may not add extra capacity for many years), if its starting value is less 
than the planning reserve margin, LEAP will start adding capacity in the year 
after the base year. 


e Whether any capacity is added exogenously. 
9.3.9.1 Specifying a Supply Curve 


You can also use this screen in conjunction with the “Maximum Built Capacity” variable 
to specify a supply curve for any given addition order in which one process is built first 
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(up to its maximum built capacity) and thereafter another process is added. Typically, 
currently available and/or cheaper technologies will be built first. Use the button to 
mark a process as a next generation technology with a later “build order”. This process 
will be shown on screen indented compared to the process above it, and during 
calculations will only be added once the “maximum built capacity” of the earlier 
generation process has been reached. Use the @ button to reverse this. 


In the example shown below, 3 different classes of wind resources each with different 
and ascending costs, and each with different amounts of the resource available are 
specified as separate processes in LEAP, and then added the endogenous capacity screen 
as shown below with build orders. All three have the same addition order, but are 
arranged in ascending “build order” to reflect their increasing costs. 


Endogenous Capacity Additions (Megawatt of energy produced) a 
Processes added to maintain planning reserve margin = 
Addition | Build Addition Size «| @ 
Process : 
Order Order 2001-2030 Expression $ 
1 0 Natural Gas CC 500 » 
> 2 0 Wind Low Cost 100 fd 

2 1 ‘Wind Med Cost 100 a 

2 2 Wind High Cost 100 


9.3.10 Interest Rate 


The real interest rate in percentage points used to annualize Transformation Capital costs, 
using the standard mortgage formula. For more information see Costs. 


9.3.11 Lifetime 


The life (in years) of a process. This variable is used to calculate when processes added 
under the endogenous capacity tab will be retired and replaced, thus incurring additional 
capital costs. Capacity specified on the exogenous capacity tab is NOT automatically 
retired. The lifetime variable is also the period used when amortizing Transformation 
capital costs. For more information see Costs. 


9.3.12 Maximum Built Capacity 


Maximum Built Capacity specifies the maximum amount of capacity that can be built of 
a given process. Use it in conjunction with the Endogenous Capacity feature to construct 
supply curves in which one process is built first (up to its maximum built capacity) and 
thereafter one or more processes of another type are added. Typically, currently available 
and/or cheaper technologies will be built first. 


For more information, refer to help on Endogenous Capacity. 
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9.3.13 Capacity Credit 


Capacity credit is only used when calculating endogenous capacity additions. The 
capacity value is defined as the fraction of the rated capacity considered firm for the 
purposes of calculating the module reserve margin. For thermal power plants the value is 
normally 100%. Lower values can be used for intermittent and hydro renewable power 
plants reflecting their lower average availability. Some plants assumed to have no firm 
capacity can even have zero values (for example imported electricity may sometimes 
have no firm capacity). 


Note: when specifying endogenous capacity, make sure that at least some of the plants 
listed on that screen have a reserve margin greater than zero. Endogenous capacity is 
added to maintain the specified planning reserve margin, so any plants with zero capacity 
credit will not contribute at all to increased reserve margin. 


Tip: To a first order of approximation, the capacity credit of a renewable plant can be 
assumed to be equal to the ratio of the availability of the renewable plant to the 
availability of a standard thermal plant. 


9.3.14 Historical Production 


This variable specifies annual energy production (output) for a process, You can set the 
scale and units used to measure the variable in each module. 


When dispatching processes to try and meet the energy and power requirements for each 
module, LEAP can operate in two different modes as follows: 


e Historical dispatch is used in each year before the first simulation year. In these 
years, LEAP simply runs each process up the amount specified in the Historical 
Production tab. If the amount specified in the Historical Production tab would 
cause the process to exceed its maximum available capacity, LEAP will display a 
diagnostic error message. 


e Simulation: From the first simulation year onwards, LEAP simulates dispatch 
using the Process Dispatch Rule specified for each process. 


In earlier versions of LEAP you could only set historical production for the base year (in 
a variable called Base Year Output that has now been removed. In the latest versions of 
LEAP you can specify historical production for any years before the first simulation 
year. Moreover, this year can vary between processes. 


Tips: 
1. If you want dispatch to be simulated in ALL years (i.e. you want LEAP to never 


use Historical Production values) then set the First Simulation Year to a year 
before the base year. 
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2. Conversely, if you want LEAP to always use historical production values set the 
First Simulation Year to a year after the study end year. 


9.3.15 Transformation Costs 


NB: Cost data is shown only if the Cost Data checkbox has been checked in the Module 
Properties screen AND if Costs are enabled on the Scope tab of the General: Basic 
Parameters screen 


You may enter cost data for any process. However, for a comparative analysis of 
scenarios, you need only enter costs for processes which differ (in terms of energy 
consumption or production) from your baseline scenario. Three different types of costs 
can be specified in a Transformation analysis: 


9.3.15.1 Capital Costs 


Use this tab to enter the total (i.e., non-annualized) capital costs per unit of capacity 
of each process. Capital costs should reflect all direct construction costs and any 
capitalized finance costs. Use the selection boxes at the top of the screen to select a 
scale and unit for the costs entered data. Capital costs are annualized in LEAP's 
cost-benefit calculations, based on the lifetime of each process, and the interest rate 
charged on the capital cost. The total capital cost is annualized into a stream of 
equal annual real payments, starting in the year when any new capacity (either 
exogenously specified or endogenously specified) comes on line and lasting for the 
lifetime you enter for the process. 


NB: capacity additions specified endogenously will automatically be replaced after 
each lifetime (and thus will incur recurring capital costs). Capacity additions 


specified exogenously do not get automatically replaced. 


Capital costs are annualized (spread-out over the plant lifetime) using a standard 
mortgage formula as follows: 


AnnualizedCost =TotalCost * CRF 
Where: 
i-k 
CRF =—— 
k-1 
k= (1 +i y 
i = interest rate. 


n = plant lifetime. 
CRF is the capital recovery factor. 
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9.3.15.2 Operating and Maintenance Costs 


You can enter both fixed and variable operating and maintenance (O&M) costs. 
Fixed O&M costs are incurred regardless of the energy produced by a process, and 
are entered per unit of capacity. Variable O? costs are entered per unit of energy 
produced. Note that if a module does contain capacity data, you may only enter 
variable O&M costs to represent the combined annualized capital and operating and 
maintenance (O&M) cost of each process. 


For capital costs only, you should enter a recovery period and the project interest 
rate. These parameters are used to annualize the total capital cost into a stream of 
equal annual payments, starting in the year when any new capacity comes on line 
and lasting for the recovery period you enter. Ensure that the financial recovery 
period you enter is consistent with the lifetime of the processes being constructed. 
LEAP does not simulate construction or any other financial costs incurred before a 
plant comes on-line. 


9.3.15.3 Fuel Costs 


Fuel costs are used only if you choose to dispatch processes by running cost on the 
Module Properties screen. In this case, processes will be dispatched in ascending 
order of their overall running costs (defined as variable cost + fuel cost). To avoid 
double counting of fuel costs and benefits, module fuel costs do NOT form part of 
LEAP's overall cost-benefit calculations. 


9.3.16 Co-product 


The production of a co-product from a module specified by entering the percentage 
fraction of the total energy input recovered from each process in a module. One co- 
product can be produced from each module and each process may produce different 
fractions. To use this feature, check the Co-product box on the Module Properties screen 
and select a fuel in the Co-product field. The co-product fuel must not be listed as an 
output fuel so it cannot be used to meet export targets, nor can additional "gap-filling" 
imports be specified to make up any shortfalls. Surpluses of co-product fuels are assumed 
to be wasted. 


When a co-product fuel is defined, an additional data entry table appears in which you 
can enter the percentage of the energy in the input fuel which can be recovered as the co- 
product. Different values can be entered for each process, but the values must be less than 
100% minus the percentage energy efficiency of each process. 
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9.3.17 Feedstock Fuels 
9.3.17.1 Feedstock Fuel Shares 


Processes can have any number of feedstock fuels. Feedstocks are the fuels converted 
within the process itself, such that the efficiency of a process is defined as the ratio of the 
total energy content of all output fuels produced by the process divided by the total 
energy content of all feedstock fuels consumed. For each feedstock fuel, its fuel share is 
the percentage share of energy input it provides to its parent process. Typically, most 
process will have only one feedstock fuel, and hence the fuel share should be set to 100% 
in Current Accounts. Note that feedstock fuels are distinct from auxiliary fuels. 
Feedstocks are the fuels converted within the process, while auxiliary fuels are specified 
as energy consumed per unit of energy consumed or produced in a process. Auxiliary 
fuels reflect subsidiary fuel consumption in a process. They are NOT converted in a 
process, and hence their energy content is not included in how the overall energy 
efficiency of the process is calculated. 


For each feedstock fuel you can also specify environmental effects, by creating a link on 
the Environment tab to a technology listed in the TED database. 


9.3.17.2 Environmental Loadings 


All devices in your Demand analysis, and all feedstock fuels, auxiliary fuels and output 
fuels in your Transformation analysis are potential sources of environmental loadings. 
Use the environmental loadings screen to associate environmental loadings with these 
branches. Each loading is specified as an effect (e.g. a pollutant emission) per unit of 
energy consumed or energy produced or per unit of vehicle distance (this latter approach 
is only available when conducting a Demand Transport Analysis). During its calculations, 
LEAP multiplies the loadings you specify on the Environmental loadings screens by the 
total amount of energy consumed in each year of each scenario. In the case of distance- 
based loadings, LEAP multiplies the loadings by the total mileage of all vehicles. 


116 


Transformation 


Linking to TED 


The simplest way to _ specify lial Effects for branch: Coal 
environmental loadings for a given 


technology is to create a link to one of 


the library of technologies in the O insert Link to TED © Insert Data 
accompanying Technology and Get Effects from TED Technology: 
Environmental Database (TED). TED ONone 
contains emission factors for hundreds -€) Chemicals 
of energy consuming and_ energy () Paper and Pulp 
producing technologies, including the {© Rural Industries 
default emission factors suggested by (Other 
the IPCC for use in climate change C4 IPCC Tier 1 Default Emission Factors 
mitigation analyses. To create a link to od 
: <5) Natural Gas 
TED, click on the TED button (®) and 2 oil 
use the subsequent dialog box (shown =} Wood 
right) to select a technology from TED i} Charcoal 
that closely matches the technology in ue Biomass 


your Area. Click on the “ button to go 
directly to TED and view the full 
information about the TED technology 
and its emission factors. 


Notice that you are not required to specify loadings for all fuels, and in fact you will not 
normally wish to specify loadings for Demand devices consume heat or electricity since 
the emissions for those fuels occur upstream (e.g., during the generation of electricity) 
from the point of consumption and can be modeled in LEAP's Transformation 
calculations. However, you should note that the default emission factors in TED are all 
direct emission factors, not lifecycle emission factors. For example, the emission factors 
for a vehicle are the direct emissions from the vehicle: they do not include the upstream 
emissions from oil refining and oil extraction. You should also be aware that while TED 
is based on a literature review of recently published estimates of emission loadings; it 
does not currently contain a comprehensive picture of all effects from each of its source 
categories. For this reason, be sure to examine which effect categories are included for 
each TED technology. 


Entering Emission Factors Directly 


The latest version of LEAP now allows you to manually enter your own emission factors, 
or override the default factors obtained by linking to TED. So for example, you might 
link to the IPCC factors for greenhouse gases, but then add your own country- or 
technology-specific factors for other air pollutants. As with other LEAP expressions, 
emissions factors can be specified as simple numbers or as mathematical formulae. In 
fact, many of the emission factors stored in TED are expressed as formulae in which the 
emission factor is itself a function of the chemical composition of the fuel being burnt. 
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For example, SO2 emission factors are generally a function of the sulfur content of the 
fuel, and CO» emission factors are often expressed as a function of the carbon content of 
the fuel. For more information on specifying environmental loadings, refer to information 
on the TED expressions. 


To add an emission factor, click the 4F button and select from the list of available effects. 
You can add additional effects on the Effects screen. Any environmental loadings created 
as links to TED are initially protected in Current Accounts and cannot be changed except 
by editing the data in TED itself. Click the = button to delete an effect. Environmental 
loadings are also shown as branches on the tree in Analysis View marked with the cloud 
icon (‘-"), and can also be deleted directly be editing the tree. When editing scenarios, 
future values for environmental loadings can always be edited, even for those loadings 
linked to TED. 


Units 


For unlinked loading factors, you can edit the numerator and denominator units for each 
factor in Current Accounts. The choice of numerator units will depend on the effect being 
specified, while the choice of denominator units will depend on the state of the fuel being 
consumed or produced, and also on the type of loading factor. Most loading factors are 
specified per unit of energy consumed. However, you can also specify emissions per unit 
of energy produced for any output fuel. In addition, when conducting Demand Transport 
Analyses, you can also specify emission per unit of vehicle-distance traveled (e.g. 
grammes per vehicle-mile). This reflects how most pollutants are regulated for vehicles 
and thus how these factors are best modeled. 


Environmental Loading 


Environmental Loading Factor (Pollutants per unit of energy consumption) ® 
Effect Currant Accounts Units Per.. Type | s ad 

Carbon Dioxide Non Biogenic 25.8 * fractionoxidized * (co2/c) Tonne Terajoule of energy consumed 

Carbon Monoxide 150 Kilogramme Terajoule of energy consumed % 

Methane 10 Kilogramme Terajoule of energy consumed 

Non Methane Volatile Organic Compounds 20 Kilogramme Terajoule of energy consumed 

Nitrogen Oxides NOx 300 Kilogramme Terajoule of energy consumed 

Nitrous Oxide 1.4 Kilogramme Terajoule of energy consumed 

Sulfur Dioxide sulfurcontent*(1-sulfurretention)*(so2/s) Kilogramme Kilogramme of energy consumed 


\< 


Dynamic Emission Factors 


As with other LEAP expressions, in scenarios you can specify how environmental 
loading factors are likely to change in the future. By default, the factors you specify in 
scenarios describe the average emission factors for the total stock of devices producing 
the loading. However, when conducting Stock Analyses and Transport Analyses in 
Demand the environmental loading factors will instead be interpreted as values for newly 
added technologies. In these cases, LEAP will internally calculate the stock-average 
environmental loading factors. 


In addition, when conducting Stock Analyses and Transport Analyses in Demand, you 


can now specify an optional lifecycle profile that describes for each vintage, how 
emission factors degrade as technologies age. 
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9.3.18 Auxiliary Fuels 
9.3.18.1 Auxiliary Fuel Use 


For each process you can specify one or more auxiliary fuels. Auxiliary fuels are 
specified as energy consumed per unit of energy consumed or produced in a process. 
Unlike feedstock fuels, auxiliary fuels are NOT converted in a process, and hence their 
energy content is not included in how the overall energy efficiency of the process is 
calculated. Auxiliary fuels are a useful of way of representing subsidiary or own-use 
energy consumption in a Transformation process, such as electricity used in an oil 
refinery or own-use of electricity in a power plant. 


For each auxiliary fuel you can also specify environmental effects, by creating a link on 
the Environment tab to a technology listed in the TED database. 


9.4 Outputs Data 
9.4.1 Output Fuel Properties 


Use the Output Fuels Properties screen to set the basic properties of each fuel produced 
by a module. There are no particular limits on the number of output fuels from each 
module. Notice though that all processes in a module produce the same set of output fuels, 
and each process produces those fuels in the same proportions. 


9.4.1.1 Fuel 


Select a fuel produced by the module from the fuels pull down menu. Fuels 
correspond to the ones listed in the Fuels Screen. 


9.4.1.2 Production Priority 


When a module has more than one output fuel, and if the module Dispatch Rule is 
not set to Run to Full Capacity, then one or more of the output fuels can be 
selected as a priority fuel. Processes will then be dispatched to meet the sum of 
domestic requirements + export targets - minimum imports for only the priority 
output fuels. Non-priority fuels are regarded as by-products of a module. That is, 
they are produced according to the Output Shares you enter, but processes are not 
dispatched specifically to meet their requirements. 


If a module has only one output, or if the module dispatch rule is set to Run to Full 
Capacity, the Priority Fuel field will not be displayed. Also, if you set the Output 
Shares option to Proportional to Requirements (by leaving the box empty on the 
Optional Data Screen in the Module Properties Wizard), then priority fuels again 
need not be specified, since outputs will be produced in the same proportions as the 
module fuel requirements. 


Consider the following example of a refinery producing 1200 units of three fuels: 
kerosene, gasoline and fuel oil, of which gasoline and kerosene are priority fuels, 
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and fuel oil is a by-product. In the table shown below, note that the output mix from 
the refinery does not match the requirements for the fuels produced. The 
requirements for one of the priority fuels (gasoline) is met exactly, while a surplus 
of the other (kerosene) is produced. You can specify what happens to this surplus 
by setting the Surplus field to Export Surplus or Waste (see below). The 
requirements for fuel oil are not met. 


Production Output Priority Energy 
Required EnergyShare Fuel? Produced Outcome 
Kerosene 400 55% Yes 660 Surplus 
Gasoline 300 25% Yes 300 Exact 
Fuel Oil 300 20% No 240 = Shortfall 
Total 1000 100% 1200 


9.4.1.3 Surplus Production 


Surplus outputs can either be assigned to exports or can be left unused (wasted). 
You can use this feature to simulate cases such as the flaring of natural gas where 
useful energy is not fully utilized. Surpluses can arise either when a module is set to 
operate at full capacity (regardless of requirements) or when a module has two or 
more outputs that are priority fuels. In this latter case, a surplus occurs because the 
output mix from (say) a refinery is likely to be in different proportions than the 
requirements for the fuels produced. In such cases, the requirements for one of the 
fuels will be met exactly, and the rest will be met in surplus. 


9.4.1.4 Shortfall in Production 


Where shortfalls of outputs exist they can either be filled by additional "gap-filling" 
imports or some requirements will simply remain unmet in the module. The 
occurrence of shortfalls in a module does not necessarily indicate that overall 
supply does not meet demand. You may wish to simulate a system of modules in 
which two or more modules produce the same output fuel. For example, electricity 
generation may be simulated in both a central generating module and in an isolated 
or cogeneration module. In these cases, a shortfall in the first module may be filled 
by the output from the second module. 


9.4.2 Output Shares 


Output shares are the share of total energy output from a module provided by each output 
fuel. Output shares need only be entered when a module has more than one output fuel, 
and when you have chosen to enter output shares explicitly, by checking the Output 
Shares box on the Module Properties screen. If this box is not checked, all outputs will 
be assumed to be in proportion to the requirements on the module. 
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9.4.3 Imports 


Imports can be specified explicitly, or they can be calculated endogenously as a "gap- 
filling" measure to make up for shortfalls of module outputs. 


To simulate cases where importing energy is considered preferable to domestic 
production of a fuel, minimum import targets can be entered to (partially) meet domestic 
requirements before a module is operated. These imports are used to meet the domestic 
requirements and export targets of a module and so will reduce the operation of the 
module. Specify these types of imports on the Import Target Data Entry Table. Use the 
scale and units selection boxes at the top of the screen to select the units for the values 
you enter. Note that: calculated imports will not necessarily be as large as the minimum 
imports you enter. The actual level produced will be limited to no more than the sum of 
the domestic requirements plus the export target for the module. 


You can also separately specify "gap-filling" imports that will make up for any shortfalls 
in output. To switch on these types of imports, make sure you select Import fuel to meet 
shortfall on the Output Fuel Properties screen. Otherwise, in the event of outputs being 
less than requirements, some requirements will remain unmet in the module, although 
subsequent downstream modules may be able to produce the fuel. 


9.4.4 Exports 


Fuel export targets are specified on a module by module basis in LEAP. Export targets 
are added to the domestic requirements which drive each module's operation. In addition, 
exports may occur as a result of a module producing fuels in surplus to the requirements. 
In these circumstances, if you want surplus fuels to be exported, make sure you select 
Export Surplus on the Output Fuel Properties screen. Otherwise, surplus outputs will 
simply be assumed to be wasted (lost). 


9.5 Transformation Calculations 
9.5.1 Transformation Calculations 


Transformation calculations are demand-driven. That is, each module is operated to meet 
the demands that arise from domestic requirements and export demands (net of any 
minimum specified level of imports). For the first calculated module (the one closest to 
demands), domestic requirements are set equal to final demands (see Demand 
Calculations). After each module is calculated, domestic requirements are decremented 
by the outputs produced from the module, but incremented by the input fuels required by 
the module. Ultimately the calculation yields the requirements for primary resources 
(fossil and renewable), which can be compared to the amounts specified in your Resource 
branches. 


Note that the ordering of modules will effect calculation results. Before calculating make 


sure you modules are in the correct order in the tree. (e.g., an electric transmission & 
distribution module should lie above an electric generation module). 
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The following clickable flow chart shows the basic steps in the Transformation 
calculations: 


For each scenario 


Domestic Requirements = 
Final Fuel Demands 
For each module 


Calculate Requirements 
(domestic + export 
requirements - minimum 
import levels) 


Calculate Endogenous 
Capacity Additions 


Dispatch Processes 
{outputs and 
environmental loadings} 


Calculate Shortfalls, 
Surpluses, Gap-Filling 
Imports and Exports 


Calculate Module Input 
Requirements 


Calculate Co-products 
Calculate Costs 


Revise Domestic 
Requirements (subtract 
outputs, add input 
requirements) 


Calculate 
Resource 
Requirements 
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9.5.2 Endogenous Capacity Expansion Calculations 


If you have specified a set of processes that will have their capacity added endogenously, 
LEAP calculates how much capacity is added as follows: 


e Existing capacity before the addition of endogenously calculated additions is 
calculated as follows for each process in each year: 


Capacity Before Additions = (Exogenous Capacity + Endogenous Capacity 
Added Previously) * Capacity Value 


Where Endogenous Capacity Added Previously, is summed over the previous 
Lifetime years, so as not to include endogenously added capacity that is now 
retired. Note that exogenously specified capacity is not automatically retired: 
any retirements of this type of capacity need to be entered explicitly as lower 
values. The Capacity Value term is used to adjust the actual capacity value of 
intermittent renewable energy processes, which are assumed to have less 
capacity value than thermal power plants. (thermal power plants typically 
have a capacity value of 100%). 


e Peak system power requirements on the module are calculated as a function of the 
total energy requirements and the system load factor: 


Peak Requirement [MW] = Energy Requirement [MW-hr] / (Module Load 
Factor * 8760 [hrs/year]) 


Where the load factor is either entered as data, or calculated as the average 
height of a load curve. 


e The reserve margin before the addition of endogenously calculated additions is 
calculated as follows: 


Reserve Margin Before Additions = (Capacity Before Additions - Peak 
Requirement) / Peak Requirement 


e The amount of endogenous capacity additions required is calculated as follows: 


Endogenous Capacity Additions Required = (Planning Reserve Margin - 
Reserve Margin Before Additions) * Peak Requirement 


e Finally, endogenous capacity additions are calculated for each process by cycling 
through the processes listed on the Endogenous Capacity screen in the order listed 
on the screen. In each year, capacity continues to be added in the amounts 
specified on the screen in the Addition Size column, until the amount added is 
greater than or equal to the Endogenous Capacity Additions Required. 
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9.5.3 Process Dispatch Calculations 


During Transformation calculations, LEAP dispatches the processes in each module to 
try and meet the requirements for energy on the module. Depending on the dispatch rule 
you choose (specified on the Module Properties screen), different calculation algorithms 
area used to calculate how much of each process is dispatched (i.e. the energy outputs 
from each process). 


Two specialized dispatch rules ("Dispatched by Merit Order" and "Dispatched by 
Running Cost") are available for simulating the dispatch of processes (typically electric 
power plants) in order to meet both the peak power requirements and the energy 
requirements on a module. For information on the calculations for these two dispatch 
rules, see topic: Dispatching Processes on a Load Curve. 


The rest of this section focuses on the remaining dispatch rules. 


The first step in dispatching the process is to calculate the share of energy outputs for 
each process. The algorithms for this calculation are listed in the following table: 


| Dispatch Rule Algorithm 


Process Shares None: Share of output is explicitly specified using the 
"Process Shares" variable for each branch. 


In Proportion to 
Base Year Output 


Base YearOu tput; 
ProcessSha re; = = 


ae Base YearOu tput 
Note if the calculated module requirements do not match 
the sum of specified base year outputs for a module, then 
the calculated base year outputs for each process will not 
match the data entered for "Base Year Outputs”. An error 
message will be displayed if this situation occurs. The most 
likely cause is that your energy demand data and/or your 
transmission and distribution data are not consistent with 
the data you entered for base year outputs. Check all three 
of these categories of data to find out if there is an error in 
data entry, or if the two sources of base year data are 
inconsistent. 


— 


In Proportion to 
Available PracessSha re; = 


Capacity ,xMCF, 
Capacity or Run to oe ay Capacity ,x*MCF, 
Full Capacity 
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Once the share of output from each process has been calculated, LEAP calculates the 
actual energy output from each process. In cases where you have chosen to capacity- 
constrain processes (by checking "Capacity data" on the Module Properties screen), 
LEAP will compare the proportions of output shares and available capacities (capacity x 
availability) in order to identify the process in each module that constrains overall output 
from the module. This information is in turn used to calculate the total capacity 
constrained outputs from each process. 


Finally, this information is used to calculate the input fuels required by each process, and 
consequently the costs, benefits and environmental loadings of each process. 


9.5.4 Dispatching Processes on a Load Curve 


If the Module Dispatch Rule specified on the Module Properties screen is set to 
"Dispatched by Merit Order", or "Dispatched by Running Cost", then during 
Transformation calculations, LEAP will simulate how processes are dispatched to meet 
both the power requirements specified by a cumulative annual load curve and the overall 
annual energy requirements on a module. For more information on how load curves are 
specified in LEAP, see topic System Load Data 


NB: this simulation only occurs in future scenario years. In the Current Accounts 
year, process shares are calculated in proportion to the Base Year Outputs data 
specified by the user. For information on these calculations, see topic: Process 
Dispatch Calculations. 


Merit orders are either specified explicitly on the Process Properties screen, or if the 
Dispatch Rule is set to "Dispatched by Running Cost", they are determined as follows: 


= : FueiCost, 
RunningCos t, = VariableOM Cast, + ‘BR ifficiency, 
To simulate the dispatch of processes, LEAP first makes a list of processes, sorted by 
their merit order. This information is used to calculate the available capacity of each 
group of processes with the same merit order, (i.e. those that are dispatched together). 


Next, LEAP makes a discrete approximation of the load curve and divides it up into 6 
vertical "strips" (see below), as defined by the 7 data points you specified in the Load 
Curve screen. The height of each strip is equal to the overall system peak load 
requirement multiplied by the average percentage of peak load of two adjacent points on 
the specified load curve. The width of the strip is the difference in hours of those same 
two adjacent data points. Overall peak system load requirement is calculated from the 
energy requirements on the module, and the module's load factor (the mean height of the 
load curve) as follows: 


Energy Re quirement[MWhr | 


PeakSystemPower Re quirement[ MW ] = 
LoadFactor x 8760 
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Cumulative Load Duration Curve 


Percent of Peak Load 


0 ce a > 
6 §00 1,000 1,800 2,000 2,500 3,000 3.4500 4000 4500 5900 5,500 6,000 64500 7,000 7 500 8900 8500 
Cumulative Hours 


Tip: for greater accuracy, specify more points where the load curve is steepest. 


Next, each group of processes is dispatched in vertical "strips" in order to try and fill the 
area under the load curve. Base load plants are dispatched first at the bottom, followed by 
intermediate and peak load plants. To properly represent the average technical 
availability of each plant (i.e., allowing for periods when plants are unavailable because 
of planned or unplanned outages), the maximum height of each strip is the available 
capacity for each group (i.e. the sum of Capacity x Maximum Availability) for all 
processes in the group. Each group is dispatched in turn until the load curve strip is filled. 
In cases where the available capacity of the group exceeds the amount required, the 
actual amount of each process dispatched is reduced, so that each process is dispatched in 
proportion to its available capacity. 


9.5.5 Shortfall and Surplus Calculations 


Once LEAP has calculated the outputs from each process in a module, it uses the settings 
you specify on the Output Fuel Properties screen to simulate how LEAP deals with 
situations of shortfalls and surpluses in the production of each output fuel. 


e Under shortfall conditions requirements unmet by production can either be met 
with additional "gap-filling" imports, or they can remain unmet. Notice that this 
latter case does not necessarily imply that a requirement is unmet in the system as 
a whole. An upstream module that is simulated later on may produce the same 
output fuel. 
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e Under surplus conditions additional production can either be exported or wasted 
9.5.6 Calculation of Systems with Feedback Flows 


To accommodate more complex energy supply systems, the Transformation calculations 
allow for energy systems with energy flow feedbacks. For example, in the diagram 
shown below, an oil refinery might produce diesel for use in power generation, while the 
oil refinery itself might consume some of the generated electricity. 


These systems are solved by repeating (iterating) the basic Transformation calculation, 
but with adjustments made to total demands after each iteration to reflect any unmet 
requirements for upstream energy flows. 


Transformation Calculation: Iteration One 


320 Units 


300 Units 


100 Units 


Electricity 


Electricity 


Transformation Calculation: Iteration Two 


105 Units 315 Units 336 Units 


§ 26 Units 


1. In the figure shown above, a final demand for 100 units of electricity is met by a 
power plant using diesel and operating at 33% efficiency. This, in turn, requires 
300 units of diesel, which are produced by a simplified (one product) refinery 
operating at 94% efficiency. Thus, the overall demand for crude oil is 320 units. 
To produce the diesel, the oil refinery itself uses 5 units of electricity. In the first 
calculation iteration, these 5 units of electricity demand remain unmet by the 
system . 


2. In the second iteration, the 5 units of unmet requirements are added to the final 
energy demand that drives the calculation. This causes the power plant to generate 
105 units of electricity using 315 units of oil. This, in turn, requires that the 
refinery uses 320 units of crude and 5.25 units of electricity. 
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3. The third iteration begins with the generation of 105.25 units of electricity, and 
iterations continue until successive changes in the electricity requirements 
become small. At this point, the system has converged to a solution. 


Important: 


e LEAP will only iterate calculations for fuels listed as secondary fuels (including 
electricity), and which have also had their resource property set to disallow 
imports. To make this setting for a fuel go to the Resources: Secondary Fuels 
branch and set the properties for the fuel in question. 


e Note that it is possible to create systems that will not converge. If convergence is 
not reach within 20 iterations, or if the calculations tend to diverge, then LEAP 
will report an error and halt the whole calculation. 
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9.6 Transformation Costs 


NB: Cost data is shown only if the Cost Data checkbox has been checked in the Module 
Properties screen AND if Costs are enabled on the Scope tab of the General: Basic 
Parameters screen 


You may enter cost data for any process. However, for a comparative analysis of 
scenarios, you need only enter costs for processes which differ (in terms of energy 
consumption or production) from your baseline scenario. Three different types of costs 
can be specified in a Transformation analysis: 


9.6.1 Capital Costs 


Use this tab to enter the total (i.e., non-annualized) capital costs per unit of capacity 
of each process. Capital costs should reflect all direct construction costs and any 
capitalized finance costs. Use the selection boxes at the top of the screen to select a 
scale and unit for the costs entered data. Capital costs are annualized in LEAP's 
cost-benefit calculations, based on the lifetime of each process, and the interest rate 
charged on the capital cost. The total capital cost is annualized into a stream of 
equal annual real payments, starting in the year when any new capacity (either 
exogenously specified or endogenously specified) comes on line and lasting for the 
lifetime you enter for the process. 


NB: capacity additions specified endogenously will automatically be replaced after 
each lifetime (and thus will incur recurring capital costs). Capacity additions 
specified exogenously do not get automatically replaced. 


Capital costs are annualized (spread-out over the plant lifetime) using a standard 
mortgage formula as follows: 


AnnualizedCost = TotalCost * CRF 
Where: 
i-k 
CRF =—— 
k-1 
k=(1+i)" 
i = interest rate. 


n = plant lifetime. 
CRF is the capital recovery factor. 
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9.6.2 Operating and Maintenance Costs 


You can enter both fixed and variable operating and maintenance (O&M) costs. 
Fixed O&M costs are incurred regardless of the energy produced by a process, and 
are entered per unit of capacity. Variable O? costs are entered per unit of energy 
produced. Note that if a module does contain capacity data, you may only enter 
variable O&M costs to represent the combined annualized capital and operating and 
maintenance (O&M) cost of each process. 


For capital costs only, you should enter a recovery period and the project interest 
rate. These parameters are used to annualize the total capital cost into a stream of 
equal annual payments, starting in the year when any new capacity comes on line 
and lasting for the recovery period you enter. Ensure that the financial recovery 
period you enter is consistent with the lifetime of the processes being constructed. 
LEAP does not simulate construction or any other financial costs incurred before a 
plant comes on-line. 


9.6.3 Fuel Costs 
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Fuel costs are used only if you choose to dispatch processes by running cost on the 
Module Properties screen. In this case, processes will be dispatched in ascending 
order of their overall running costs (defined as variable cost + fuel cost). To avoid 
double counting of fuel costs and benefits, module fuel costs do NOT form part of 
LEAP's overall cost-benefit calculations. 
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9.7 Schematic of a Simple Module 


9.8 Schematic of a Standard Module 
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10 Stock Changes and Statistical Differences 


In the tree, two additional top level branch categories labeled Stock Changes and 
Statistical Differences are visible only if you place a checkmark next to the option 
Statistical Differences and Stock Changes", on the Default tab of the Basic Parameters 
screen. 


e Stock Changes: under which you can specify supply of primary energy from 
stocks. Negative values indicate an increase in stocks. The values you specify will 
be added to the total primary supply of the fuel, and will appear as a separate row 
in the energy balance view between the Transformation and Resource sections. 


e Statistical Differences: under which you can specify the differences between 
final consumption values and energy demand data. Typically, the data you enter 
in your Transformation analysis (e.g. imports and production of energy) will be 
derived from data provided by government or large energy producers (oil 
refineries, electricity companies, etc.), whereas your energy demand estimates 
may be based on end-use surveys. Often demand and supply data will be 
somewhat inconsistent. You can express the differences by entering data in the 
Statistical Differences tables. You can specify statistical differences for any fuel 
consumed in your area or any other secondary fuel produced. The values will be 
added to the final demand values calculated in your Demand analysis, and will 
appear as a row in the energy balance view between the Demand and 
Transformation sections. Enter a positive value to increase the energy demand or 
a negative value to decrease it. 
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The Resource Analysis screens in LEAP are used to enter data on the availability of 
primary resources, including both fossil renewable resources, as well as information on 
the costs of indigenous production, imports and exports of both primary resources and 
secondary fuels. 


Depending on the costing boundary you choose for your cost-benefit analysis, you will 
either be asked to supply the "in the ground" costs of indigenous resources, or the 
delivered costs of fuels. 


Resource tree branches are always subdivided into two categories: primary resources and 
secondary fuels, and the branches immediately below these two categories are 
automatically generated and updated by LEAP to reflect the individual fuels consumed 
and produced in your area. As you add or delete fuels from your Demand and 
Transformation analyses, the list of fuels is automatically updated. 


The data you enter on indigenous resource availability depends on whether the resource 
is a fossil or renewable energy form. For fossil resources (including uranium) you enter 
the total available reserve of the resource, while for renewable energy forms you enter the 
annual energy available from the resource. 


By default, the availability of each resource is specified far the area as a whole. Resource 
availability can also be built-up from a more disaggregated analysis, in which total 
availability is subdivided by region or some other type of classification. This approach 
can be particularly useful for keeping track of biomass resources. To conduct a 
disaggregated analysis, simply add additional branches and sub-branches below the 
resource you wish to disaggregate. 


The following Resource data screens are used: 


e Base Year Reserves: For fossil resources only, enter the reserves of the resource 
in the Base Year. Depending on your analysis, you may wish to define fossil 
reserves as the either proven or ultimately recoverable reserve. Notice that this 
data is not specified in future (scenario) years. Depending on the state of the 
resource, you can specify reserves in energy or physical units. 


e Yield: For biomass resources and renewable energy forms, enter the annual 
availability of the resource. This can be specified either as a total annual value, or 
as an annual availability per unit of land area (click on Resource Properties to 
change this setting). When specifying yield per unit land area be sure to also enter 
data on land area (see below). 


e Land Area: for renewable energy specified per unit of land area enter data on 


land area, use this screen to enter the area of land devoted to producing the 
resource. 
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Accessibility: for biomass resources, in addition to specifying yield, you also 
need to specify what percentage of the yield is accessible. This can vary from 0% 
for totally inaccessible land to 100% for fully accessible resources. For more 
information, see woodfuel accessibility. 


Indigenous , Import, Export and Delivered Costs: In principle, economic 
theory suggests that shadow costs reflecting the full opportunity costs, not market 
costs, should be used in specifying resource costs. In practice, market prices are 
often used. In cases where the resource has no market price (e.g., traditional 
woodfuel collection) a proxy should be used such as the cost of substitute fuels or 
of sustainable forestry. Generally the costs of imports and exports are identified 
directly with market prices. For imports, the CIF (cost, insurance and freight) 
costs would apply, and for exports, the FOB (free on board) costs would apply. 
Costing indigenous resources is more subtle since the data you provide will 
depend on a) whether you have included mining and extraction industries as 
modules in your Transformation program, and b) the costing boundary used for 
your analysis. Assuming you have defined these modules and your cost boundary 
is drawn around the entire system, then you should enter capital and O&M costs 
for the extraction modules in your Transformation analysis, and use "resource 
depletion costs" for each indigenous resource. If you are using a more restricted 
costing boundary, then you will need to enter the delivered cost of the fuels 
produced by the extraction industries. In its cost-benefit calculations, LEAP will 
use these delivered costs and ignore the capital and O&M costs of the extraction 
modules. 


12 Non-Energy Sector Effects 


While its focus is the energy sector, LEAP also optionally lets you create inventories and 
scenarios for Non-energy related effects. Typically you can use this feature for including 
inventories and scenarios of non-energy sector greenhouse gas (GHG) emissions, as a 
complement to the analysis of energy sector greenhouse gas emissions and mitigation 
measures conducted in the other parts of LEAP. 


To set-up an analysis of non-energy sector effect, first select the Analysis View, then go 
to the Scope tab of the Basic Parameters screen and make sure the Non-Energy Sector 
Environmental Loadings box is checked. An additional top-level category branch (i) 
will appear marked Non-Energy Sector Effects. Non-energy sector effects are analyzed 
by creating a hierarchical structure of effects under this top-level branch in much the 
same way that you create a hierarchical tree structure to analyze energy demands. The 
structure will consist of category branches (1) used only for organizational purposes, 
and effect branches (‘—*) at which you specify annual total emissions loadings. Use the 
standard tree editing controls to manipulate the tree structure including: Add (4), Delete 
(™), and Properties (@). 


When you click, the Add or Properties buttons, you will be shown a small dialog box in 
which you specify the name and branch type. You can analyze any effect listed in the 
effects database. Effects are specified in the relevant units for each effect. Typically most 
effects are measured in mass units. 


Unlike an energy demand analysis in which total effects are calculated as the product of 
energy consumption and an emission factor, in the non-energy sector you specify total 
annual effect loadings. Of course you can use LEAP's expressions to calculate the total as 
a function of one or more independent variables. As in your energy analysis, you can 
analyze any number of different emissions scenarios. 
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13 Expressions 


LEAP borrows an approach made popular in spreadsheets: the ability for users to enter 
data and construct models using mathematical expressions. Expressions are standard 
mathematical formulae used to specify the values of variables in LEAP's Analysis View. 
In Current Accounts an expression defines the base year value for a given variable at a 
branch, while in scenarios, the expression defines how that variable changes over time 
(from one year after the base year to the end of the study period). Expressions can range 
from simple numeric values to complex mathematical formulae. Each formula can 
optionally reference LEAP's many built-in functions, as well as referencing the values of 
other branches and variables entered elsewhere in the LEAP analysis. Expressions can 
even create dynamic links to the values stored in an external Microsoft Excel spreadsheet. 


LEAP provides a number of ways of editing expressions. The most common are: 


e Typing directly into the expression field in one of the data entry tables in LEAP's 
Analysis View. 


e Selecting one of the commonly used functions: Interpolation (~%), Growth (L+), 
End- Year (~), or Remainder using the pop-up selection box attached to each 
expression field. 


e Using the Time-Series Wizard: a tool for easily entering time-series functions 
(Interpolation, Step, Smooth functions, and forecasting functions) 


e Using the Expression Builder tool (4): a general purpose tool for creating 
expressions by dragging-and-dropping functions and LEAP and TED data and 
result variables. 


Color Coding of Scenario Expressions 


When editing scenario data in LEAP's Analysis View, expressions are color coded to 
show which expressions have been entered explicitly, and which are inherited from 
another scenario or region. Blue text indicates a value entered explicitly , while black 
text indicates an inherited value. 


e Use the Show Scenario Branches option (Main Menu: Tree: Show Scenario 
Branches) to list and optionally jump to any of the branches entered explicitly in the 
current scenario (i.e. those colored blue). 


e To reset an expression back to its inherited default, highlight the expression and 
press Delete, or right-click and select the Reset to Inherited (#) option. 


e For more information on scenario expressions, refer to scenarios. 
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Referencing Variables and Constants in Expressions 
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Data Variables: In an expression, the values of other branches/variables are 
referenced by typing the branch name followed by a colon followed by the variable 
name. For example, the value of the activity level variable in the 
Demand\Households branch would be referenced by typing 
"Demand\Households: Activity Level". Note: Expressions are not case-sensitive. 
You can enter variable and function names in any combination of upper and lower- 
case letters. When you have finished entering the formula, LEAP will put the names 
in a standard format:capitalizing the function names. When referencing branches 
that are immediate siblings or parents of the current branch, you need only specify 
the last part of the branch name (e.g. Cooking). When referencing more distant 
branches, include the full path name (e.g. Demand\Households\Urban\Cooking). 
When referencing a different variable at the same branch, you need not enter a 
branch name. Similarly, when referencing the same variable at a different branch 
you need not enter the variable name. In fact, if you do enter this additional 
information, LEAP will strip-it-out when you submit the expression. 


Fuel Variables: A further type of variable you can reference in expressions is fuel 
variables. These are the various chemical and physical characteristics of the fuel 
associated with a branch. Examples include the carbon, sulfur, and moisture content 
of the fuel, and its net heating value. Notice that only branches in which fuels are 
consumed or produced have valid fuel variables. These fuel variables reflect the 
data defined in the Fuels screen. 


Constants: Constants, including your own user-defined constants, can also be 
included in expressions. A default set of constants are included that define various 
molecular weight constants. These are primarily useful in defining emission factors. 
For example, a CO2 emission factor might be a function of the carbon content of 
the fuel, the fraction of the fuel oxidized, and the molecular weights of carbon and 
carbon dioxide. 


Lagged Result Variables: When editing scenarios, you can also reference lagged 
result variables. These are the variables that are evaluated during LEAP's 
calculation routines (LEAP is calculated when you switch to one of the following 
views: Results, Energy Balance, Summaries, Overviews). When you reference them 
in Analysis View or in the Expression builder, LEAP will show the most recently 
calculated results for these variables. Note however, that following a calculation the 
value may change (because of any edits you made in Analysis View). Referencing a 
result variable before it has been calculated will return a zero value when displayed 
in Analysis View, but the value will ultimately be resolved when LEAP is 
calculated. Result variables are always lagged (i.e. they return the value for the 
previous year). Hence, lagged result variables cannot be included in Current 
Accounts expressions. Note also that before you can reference result variables you 
need to enable the option Allow Lagged Results in Expressions on the Scope tab 
of the General: Basic Parameters screen. Enabling this option will slow calculations, 
so if you do not require lagged results we suggest you leave this option unchecked. 


Expressions 


e TED Variables: TED Branches and variables can also be referenced in expressions. 
The syntax is similar to that used for referencing LEAP variables (i.e. 
branch:variable), expect that a special function TED() needs to be wrapped around 
the reference. Referencing TED data allows you to selectively use items of data 
stored in the TED database in your calculations. 


Tip: Using the Expression Builder tool is the easiest way to create expressions that 
references other branches and variables. 


13.1 Expression Elaboration 


Expression Elaboration is a small panel that automatically pops-up under the main data 
entry table in Analysis View to elaborate on the meaning of complex expressions: ones 
that refer to other branches and variables. Expression Elaboration is useful for helping 
you to understand and explain your analyses WITHOUT continually having to navigate 
from branch to branch in the tree. 


Expression Elaboration works by recursively tracing back through all the variables 
referenced in the currently selected expression in the data grid and either showing the 
values of those variables, or if they themselves are calculated, by tracing back to their 
dependent variables. Dependent variables are shown indented by a few lines in the panel. 


In the example shown, the expression used to calculate Population is highlighted in the 
data grid. This is written as Households * Household Size. The Expression Elaboration 
panel shown below the grid traces back to show the values of the two dependent variables 
Households and Household Size. 


eae Current Accounts oie Units 
Expression 
Income 3 Thousand _ Dollars 
Population Million People 
Household Size 5 People 
Households 8 Million Households 
GDP Population * Income ?calculated by definition Billion US$ 


Population = Households * Household Size = 40 
Households = 8 
Household Size = 5 


You can globally enable or disable the Expression Elaboration panel via a menu on the 
Analysis menu or by right-clicking in the data table. 
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13.2 Using Time-Series Functions 


LEAP supports various time series functions, which let you specify historical data, fill 
gaps in data using the Interp, Step and Smooth functions and forecast future values using 
the LinForecast, ExpForecast and LogisticForecast methodologies. Each of these 
functions need to be supplied with time-series data, consisting of pairs of year/value data 
and an optional percentage growth rate parameter, which is applied after the last data 
year. This time-series data can be specified in three ways: 


1. As data typed directly into the function. 
Interp(Year1, Valuel, Year2, Value2,... YearN, ValueN, [%Growthrate]) 


2. Asareference to data in an MS-Excel spreadsheet. 


Interp(ExcelFilename, ExcelRangeName, [%Growthrate]) 


When linking to a range in Excel, you must specify the directory and filename of a 
valid Excel worksheet or spreadsheet (a .XLS) file, followed by a valid Excel range. 
A range can be either a valid named range (e.g. "Import") or a range address (e.g. 
"Sheet1!A1:B5"). Excel ranges must be structured in one of two ways: 


o as 2 columns of data, in which the first column is years and the second is 
values, or 


o as 2 rows of data in which the first row is years and the second is values. 


In either case, the data must be organized in chronological order (from left to right 
or from top to bottom). 


3. As areference to data in another LEAP branch/variable. The data in the 
referenced cell must be specified using the Data function and must consist only of 
year/value time series pairs. 


For example, suppose you had the following fuel price data recorded in a branch 
named Key Assumptions\Price: 

Data(1990, 110 1991, 105, 1992, 108, 1995, 115, 1996, 109, 1997, 135, 1998, 
150) 


This data could then be referenced by any timer-series function through a reference 


to the branch, such as: 
Interp(Key\Price) 
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Expressions 


Use the LEAP Time-series Wizard to simplify entering time-series data and to specify 
links to Excel data. When specifying time-series data, years do not need to be in any 
particular order, but duplicate years are not allowed, and must be in the range 1900-2200. 


13.3 Modeling Functions 
AnnualizedCost 


Syntax 


AnnualizedCost(CapitalCost, Lifetime, InterestRate, AnnualOMCost) or 
AnnualizedCost(CapitalCost, Lifetime) or 


Description 


Use this method if you want to calculate annualized (levelized) total capital costs. 
Annualized activity costs are calculated from the data you enter on total capital cost, 
the lifetime of the device, the interest rate charged for the loan on the capital cost, 
and the annual operating and maintenance cost. The levelized cost per activity is 
calculated by using a present value calculation to annualize the capital cost (using 
the lifetime and interest rate parameters) and then adding the annual operating and 
maintenance cost. 


Parameters 


e CapitalCost: the total (i.e. not annual) capital cost per activity unit. In cases 
where your demand data specifies the physical number of end-use devices 
enter the costs of each device. In other cases, where the activity unit is not a 
device (e.g. in households using multiple light bulbs) enter the capital cost 
per unit of activity. In other words multiply, the cost per device by the 
number of devices per activity (e.g. light bulbs per household). 


e Lifetime: a whole number of years - the lifetime of the device or the period 
of loan on the capital cost as appropriate. 


e Interest Rate: the rate charged on the loan for the capital cost (defaults to 
the study discount rate). 


e AnnualOMCost: any annual recurring costs of the activity NOT 


INCLUDING fuel costs, such as operational, maintenance and 
administrative costs. 
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BaselineScenario 


Syntax 


BaseLineScenario or 
BaseLineScenario(BranchName) 


Description 


Calculates the value of either the current branch, or of another branch in the 
baseline scenario. The baseline scenario is the scenario immediately inheriting 
from Current Accounts, and from which the current scenario is inherited. This 
function can be especially useful if you want to enter changes in values ("deltas") 
with respect to some baseline rather than having to enter absolute values. See also: 
ParentScenario. 


Important: This function can only be used in non-baseline scenarios. It cannot be 
used in Current Accounts or any baseline scenarios immediately inheriting from 

Current Accounts. Note that an area may contain more than one baseline scenario, 
and that different policy scenarios may therefore have different baseline scenarios. 


Examples 
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Typically you will use this function in conjunction with an Interp function to 
specify how one scenario differs from another, 


BaselineScenario + Interp(BaseY ear, 0, EndYear, 1) 


In this example the scenario value starts out the same as the baseline scenario in the 
base year. By the end year, the scenario value is one greater than the baseline 
scenario value. The baseline scenario values may themselves increase or decrease. 


BaselineScenario * Interp(BaseYear, 1, EndYear, 1.5) 


In this example the scenario value starts out the same as the baseline scenario in the 
base year. By the end year, the scenario value is 50% greater than the baseline 
scenario value. 


Expressions 


BaseYear 


Syntax 


BaseYear, or 
BY 


Description 


The base year of the analysis as a numeric value. 
Example 

Year -BaseYear 

Evaluated for a base year of 1995 


2000 = 5.0 
2020 = 25.0 
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BaseYearValue 


Syntax 


BaseYearValue or 
BaseYearValue(BranchName) 


Description 


Calculates the base year value of either the current branch, or of another branch 
referred to as a parameter to the function. 


Examples 
10+BaseYearValue for a base year value of 100 
Evaluated in any year = 110 
10+BaseY earValue(Households\Urban) 
for branch "Household\Urban" with a base year value of 1000. 


Evaluated in any year = 1010 
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Expressions 


Data 


Syntax 


Data(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Data(ExcelFilename, ExcelRangeName), or 
Data(Branch: Variable) 


See also: Using Time-Series Functions, InterpFSY 


Summary 


Specifies time-series data values as year/value pairs. Values are not interpolated 
between data points. Any unspecified data years are assumed to have zero value. 


Typically you will use this function to specify historical data in the Current 
Accounts scenario. Data specified in this fashion can also be referred to by other 
time-series functions. For example, you might specify time-series once in a key 
assumption branch called TimeValues using the Data function, and then refer to it 
in other branches as Interp(Key\TimeValues). 


Example 
Data(2000, 10, 2001, 16, 2003, 20) 


2000 = 10 
2001 = 16 
2002= 0 
2003 = 20 
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EndYear 


Syntax 


EndYear, or 
EY 


Description 


The last year of the analysis as a numeric value (as specified in the Areas: General 
Parameters screen). 


Example 
EndYear-Year 
Evaluated for an end year of 2020 


2000 = 20.0 
2018 = 2.0 
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Expressions 


ExpDataTrend 


Syntax 


ExpDataTrend(Year1, Valuel, Year2, Value2,... YearN, ValueN) or 
ExpDataTrend(XLRange(Filename, Rangename)) 
ExpDataTrend(Branch: Variable) 


See also: Using Time-Series Functions, LinDataTrend, ExpForecast 


Summary 


Uses an exponential regression to fill-in gaps in historical data, but uses actual data 
values where they are available. Future values are extrapolated using the 
exponential regression. 


Description 


Used to estimate historical and future values based on a time series of data. Values 
are predicted using linear regression to an exponential growth model (Y = m + Xc) 
where the Y terms corresponds to the variable to be forecast and the X term is years. 


Use this function with caution. You may need to first use a spreadsheet or some 
other package to test the statistical validity of the forecast (i.e. test how well the 
regression "fits" the historical data). You can also use the LEAP's built-in statistical 
functions such as RSquared, StandardError, and Observations to help with this 

task. Moreover, bear in mind that future values may be markedly different from 
historical ones, particular if structural or policy shifts in the economy such as 
changing energy policies are likely to have an impact on future trends. 
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ExpForecast 


Syntax 


ExpForecast(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
ExpForecast(XLRange(Filename, Rangename)) 
ExpForecast(Branch: Variable) 

ExpForecast(FirstYear, LastY ear) 


See also: Using Time-Series Functions, ExpForecastBY 


Summary 


Forecasts future values based on an exponential regression of historical data. 
Regression is not forced through base year value. 


Description 
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Exponential forecasting is used to estimate future values based on a time series of 
historical data. The new values are predicted using linear regression to an 
exponential growth model (Y = m + X/c) where the Y terms corresponds to the 
variable to be forecast and the X term is years. Exponential forecasting is most 
useful in cases where certain values can be expected to grow at constant growth 
rates over the period in question (e.g. population levels). 


Use this function with caution. You may need to first use a spreadsheet or some 
other package to test the statistical validity of the forecast (i.e. test how well the 
regression "fits" the historical data). You can also use the LEAP's built-in statistical 
functions such as RSquared, StandardError, and Observations to help with this 
task. Moreover, bear in mind that future values may be markedly different from 
historical ones, particular if structural or policy shifts in the economy such as 
changing energy policies are likely to have an impact on future trends. 


Typically, you will enter this function in your Current Accounts data and use it to 
forecast values for the base year and forward. If your historical data includes a 
value for the base year, it will be included in the regression, but the forecast value 
for the base year will not necessarily equal the base year value (depending on how 
well the regression fits the actual data). If you wish to force the regression through 
the base year value use the similar ExpForecastBY function. 


The syntax ExpForecast(FirstYear, LastYear) is a special syntax that can only be 
used in scenarios (not in Current Accounts). This syntax generates a forecast in a 
scenario based on the data in Current Accounts. Only the values between and 
including FirstYear and LastYear are used as input to the regression that generates 
the forecast. FirstYear must be on or after the base year. LastYear must be before 
the first scenario year. LastYear must be at least three years after FirstYear. 


Expressions 


ExpForecastBY 


Syntax 


ExpForecastBY(Yearl, Value1, Year2, Value2,... YearN, ValueN) or 
ExpForecastB Y(XLRange(Filename, Rangename)) 
ExpForecastB Y (Branch: Variable) 

ExpForecastBY (FirstY ear, LastYear) 


See also: Using Time-Series Functions, ExpForecast 


Summary 


Forecasts future values based on an exponential regression of historical data. 
Regression is forced through known base year value. 


Description 


Exponential forecasting is used to estimate future values based on a time series of 
historical data. The new values are predicted using linear regression to an 
exponential growth model (Y = m + X/c) where the Y terms corresponds to the 
variable to be forecast and the X term is years. Exponential forecasting is most 
useful in cases where certain values can be expected to grow at constant growth 
rates over the period in question (e.g. population levels). 


Use this function with caution. You may need to first use a spreadsheet or some 
other package to test the statistical validity of the forecast (i.e. test how well the 
regression "fits" the historical data). You can also use the LEAP's built-in statistical 
functions such as RSquared, StandardError, and Observations to help with this 
task. Moreover, bear in mind that future values may be markedly different from 
historical ones, particular if structural or policy shifts in the economy such as 
changing energy policies are likely to have an impact on future trends. 


Typically, you will enter this function in your Current Accounts data and use it to 
forecast values for the base year and forward. If your historical data includes a 
value for the base year, it will be included in the regression, and the values will be 
forced through the known base year value. If you do not wish to force the 
regression through the base year value (for example if you think the base year value 
is not typical of long term trends) then use the ExpForecast function. 


The syntax ExpForecastBY(FirstYear, LastYear) is a special syntax that can only be 
used in scenarios (not in Current Accounts). This syntax generates a forecast in a 
scenario based on the data in Current Accounts. Only the values between and 
including FirstYear and LastYear are used as input to the regression that generates 
the forecast. FirstYear must be on or after the base year. LastYear must be before 
the first scenario year. LastYear must be at least three years after FirstYear. 
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Expinterp 


Syntax 
ExpInterp(Yearl, Valuel, Year2, Value2,... YearN, ValueN, [Growthrate]) or 
ExpInterp(ExcelFilename, ExcelRangeName, [Growthrate]) 
ExpInterp(Branch: Variable) 
See also: Using Time-Series Functions 
Summary 
Calculates a value in any given year by exponential interpolation between a time- 


series of year/value pairs. The interpolation assumes the interpolated values obey 
the following functional form: 


Value= a+b-Year" 
Each intermediate year's value is calculated as follows: 
Value, = Exp\k + a: In Fear, }) 


Where: 


Year,, — Year », oe In (¥ ear, ) 


ns alue,, — Value » | _ in (Value a ) 

iy = the intermediate period, the value of which is to be interpolated. 
ey = the end period used as the basis for the interpolation. 

fy = the first period used as the basis for the interpolation. 


Description 
The final optional parameter to the function is a growth rate that is applied after the 


last specified year. If no growth rate is specified zero growth is assumed (i.e. values 
are not extrapolated). 


Example 200 
180 
ExpInterp(2000, 100, 2030, 160 
200) 140 
@ 120 
2000 = 100.00 8 60 
2005 = 112.33 pe 
2010 = 126.14 xs 
2020 = 158.92 
40 
20 
0 
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2000 2003 2006 2009 2012 2015 2018 2021 2024 2027 2030 


Expressions 


2025 = 178.31 
2030 = 200.00 


NB: the base year value is always implicit in the above function, and will override 
any value explicitly entered for that year by the user. 
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Growth 


Syntaxes 


Growth(Expression) or 

Growth(Expression1, Year2, Expression2) or 

Growth(Expression1, Year2, Expression2, Year3, Expression3) or 
Growth(Expression1, Year2, Expression2, Year3, Expression3, Year4, 

Expression4) or 

Growth(Expression1, Year2, Expression2, Year3, Expression3, Year4, Expression4, 
Year5, Expression5) 


Description 


Calculates a value in any given year using a growth rate from the base year value. 
Because it references the base year value, this function is only available when 
editing scenarios. You can specify a single growth rate or using the alternative 
syntaxes, you can specify up to 5 periods with different growth rates. For example, 
in years after Year2 the growth rate will be Expression2. In years after Year3 the 
growth rate will be Expression3. 


Example 
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Growth(0.05) or Growth(5%) 
Evaluated from a base year value of 100 in 2000 


2001 = 105.00 
2002 = 110.25 


Tip for users of older versions of LEAP: This function encompasses the old 
"Growth Rate" method for projecting data. 


Take care when applying a growth rate over a long period as values can grow very 
large! 


Expressions 


GrowthAs 


Syntax 


GrowthAs(BranchName) or 
GrowthAs(BranchName, Elasticity) or 


Description 


Calculates a value in any given year using the previous value of the current branch 
and the rate of growth in another named branch. This is equivalent to the formula: 


Current Value(t) = Current Value(t-1) * NamedBranchValue(t) 
NamedBranchValue(t-1) 


In the second form of the function, the calculated growth rate is adjusted to reflect 
an elasticity. More precisely, the change in the current (dependent) branch is related 
to the change in the named branch raised to the power of the elasticity. This is a 


common approach in energy modeling, in which the growth in one variable is 
estimated as a function of the growth in another (independent) variable. 


Examples 
GrowthAs(Household\Rural) 
Growth(GDP, 1) 


In this example (elasticity = 1), the current branch grows at the same rate as the 
named branch (GNP). 


GrowthAs(GDP, 0.9) 

In this example (elasticity = 0.9), the current branch grows more slowly than GNP. 
GrowthAs(GDP, 1.2) 

In this example (elasticity = 1.2), the current branch grows more rapidly than GNP. 
GrowthAs(GDP, 0) 


In this example (elasticity = 0), the current branch is constant (i.e. independent of 
GNP). 
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GrowthFromYear 


Syntaxes 


GrowthFromY ear(Year, GrowthRate) or 
GrowthFromY ear(Year, GrowthRate, Year2, GrowthRate2) or 
GrowthFrom Year(Y ear, GrowthRate, Year2, GrowthRate2, Year3, GrowthRate3) 


Description 


Calculates a value in any given year using a growth rate expression applied after 
some specified year. Values in earlier years are based on the expression entered in 
the parent scenario or its ancestor expressions. 


Example 


GrowthFromY ear(2010, 5%) 
GrowthFromY ear(2010, 5%, 2020, 3%) 
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Expressions 


GrowthFromValue 


Syntaxes 


GrowthFromValue(Value, GrowthRate) or 
GrowthFromValue(Value, GrowthRate, Year, GrowthRate2) or 
GrowthFromValue(Value, GrowthRate, Year, GrowthRate2, Year2, GrowthRate3) 


Description 


Calculates a value in any given year using growth rate expressions applied to a base 
year starting value. 


Example 


GrowthFromValue(100, 5%) 
GrowthFromValue(100, 5%, 2020, 3%) 
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Interp 


Syntax 


Interp(Year1, Valuel, Year2, Value2,... YearN, ValueN, [Growthrate]) or 
Interp(ExcelFilename, ExcelRangeName, [Growthrate]) 
Interp(Branch: Variable) 


See also: Using Time-Series Functions, InterpFSY 


Summary 


Calculates a value in any given year by linear interpolation of a time-series of 
year/value pairs. The final optional parameter to the function is a growth rate that is 
applied after the last specified year. If no growth rate is specified zero growth is 
assumed (i.e. values are not extrapolated). Each intermediate year's value is 
calculated as follows: 


Year,, — Year ,. 
Value,, = Value, + Value, - Value ,,|° > ay 
: “ . ear_.— Year 

ay ie 


Where: 


iy = the intermediate period, the value of which is to be interpolated. 
ey = the end period used as the basis for the interpolation. 
fy = the first period used as the basis for the interpolation. 


Example 
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Interp(2000, 10.0, 2010, 16.0, 
2020, 30.0, 2%) 


2000 = 10.0 
2005 = 13.0 

2020 = 30.0 é 
2021 = 30.6 g 


NB: the base year value is always 
implicit in the above function, and 
will override any value explicitly 
entered for that year by the user. 
For example, if the base year is 2000, 2005 2010-2015 2020-2025 2030 
1998 and the base year value vous 

(entered in Current Accounts) is 6.0 then the function above will result in the value 
8.0 1999. 


Expressions 


InterpFSY 


Syntax 


InterpFSY(Year1, Valuel, Year2, Value2,... YearN, ValueN, [Growthrate]) or 
InterpFS Y(ExcelFilename, ExcelRangeName, [Growthrate]) 
InterpF'S Y(Branch: Variable) 


See also: Using Time-Series Functions, Interp 


Summary 


Calculates a value in any given year by linear interpolation of a time-series of 
year/value pairs. 
Similar to the Interp function, but with the following differences: 


e Inthe standard Interp function, the base year value is always an implicit 
interpolated value and will override any value explicitly entered for that year 
by the user. 


e Inthe InterpFSY function, the year immediately before the First Scenario 
Year is the implicit interpolated value. 
The Base Year and First Scenario Year are both defined on the General: Basic 
Parameters: Years screen. 
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LinForecast 


Syntaxes 


LinForecast(Yearl, Value1, Year2, Value2,... YearN, ValueN) 
LinForecast(XLRange(Filename, Rangename)) 
LinForecast(Branch: Variable) 

LinForecast(FirstY ear, LastY ear) 


See also: Using Time-Series Functions 


Summary 


Forecasts future values based on a linear regression (y=mx+c) of historical 
data. Regression is not forced through base year value. 


Description 
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Linear forecasting is used to forecast future values based on a time-series of 
historical data. The new values are predicted using linear regression assuming a 
linear trend (y = mx +c) where the Y term corresponds to the variable to be forecast 
and the X term is years. Linear forecasting is most suitable in cases where 
exponential growth in values is not expected: for example when forecasting how 
market shares or technology penetration rates might change over time. 


Use this function with caution. You may need to first use a spreadsheet or some 
other package to test the statistical validity of the forecast (i.e. test how well the 
regression "fits" the historical data). You can also use the LEAP's built-in statistical 
functions such as RSquared, StandardError, and Observations to help with this task. 
Moreover, bear in mind that future values may be markedly different from 
historical ones, particular if structural or policy shifts in the economy such as 
changing energy policies are likely to have an impact on future trends. 


Typically, you will enter this function in your Current Accounts data and use it to 
forecast values for the base year and forward. If your historical data includes a 
value for the base year, it will be included in the regression, but the forecast value 
for the base year will not necessarily equal the base year value (depending on how 
well the regression fits the actual data). If you wish to force the regression through 
the base year value use the similar LinForecastBY function. 


The syntax LinForecast(FirstYear, LastYear) is a special syntax that can only be 
used in scenarios (not in Current Accounts). This syntax generates a forecast in a 
scenario based on the data in Current Accounts. Only the values between and 
including FirstYear and LastYear are used as input to the regression that generates 
the forecast. FirstYear must be on or after the base year. LastYear must be before 
the first scenario year. LastYear must be at least three years after FirstYear. 


Expressions 


LinDataTrend 


Syntax 


LinDataTrend(Year1, Valuel, Year2, Value2,... YearN, ValueN) or 
LinDataTrend(XLRange(Filename, Rangename)) 
LinDataTrend(Branch: Variable) 


See also: Using Time-Series Functions, ExpDataTrend, LinForecast 


Summary 


Uses a linear regression (y=mx+c) to fill-in gaps in historical data, but uses actual 
data values for those years where they are available. Future values are extrapolated 
using the linear regression. 


Description 


Past and future values are predicted using linear regression assuming a linear trend 
(y = mx +c) where the Y term corresponds to the variable to be forecast and the X 
term is years. 


Use this function with caution. You may need to first use a spreadsheet or some 
other tool to test the statistical validity of the forecast (i.e. test how well the 
regression "fits" the historical data). You can also use the LEAP's built-in statistical 
functions such as RSquared, StandardError, and Observations to help with this 

task. Moreover, bear in mind that future values may be markedly different from 
historical ones, particular if structural or policy shifts in the economy such as 
changing energy policies are likely to have an impact on future trends. 
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LinForecastBY 


Syntax 


LinForecastB Y(Yearl, Value1, Year2, Value2,... YearN, ValueN) or 
LinForecastB Y(XLRange(Filename, Rangename)) 
LinForecastB Y (Branch: Variable) 

LinForecasB Y(FirstYear, LastYear) 


See also: Using Time-Series Functions, LinForecast 


Summary 


Forecasts future values based on a linear regression (y=mx~+c) of historical data. 
Regression is forced through base year value. 


Description 
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Linear forecasting is used to forecast future values based on a time-series of 
historical data. The new values are predicted using linear regression assuming a 
linear trend (y = mx +c) where the Y term corresponds to the variable to be forecast 
and the X term is years. Linear forecasting is most suitable in cases where 
exponential growth in values is not expected: for example when forecasting how 
market shares or technology penetration rates might change over time. 


Use this function with caution. You may need to first use a spreadsheet or some 
other package to test the statistical validity of the forecast (i.e. test how well the 
regression "fits" the historical data). You can also use the LEAP's built-in statistical 
functions such as RSquared, StandardError, and Observations to help with this 
task. Moreover, bear in mind that future values may be markedly different from 
historical ones, particular if structural or policy shifts in the economy such as 
changing energy policies are likely to have an impact on future trends. 


Typically, you will enter this function in your Current Accounts data and use it to 
forecast values for the base year and forward. If your historical data includes a 
value for the base year, it will be included in the regression, and the values will be 
forced through the known base year value. If you do not wish to force the 
regression through the base year value (for example if you think the base year value 
is not typical of long term trends) then use the LinForecast function. 


The syntax LinForecasBYt(FirstYear, LastYear) is a special syntax that can only be 
used in scenarios (not in Current Accounts). This syntax generates a forecast in a 
scenario based on the data in Current Accounts. Only the values between and 
including FirstYear and LastYear are used as input to the regression that generates 
the forecast. FirstYear must be on or after the base year. LastYear must be before 
the first scenario year. LastYear must be at least three years after FirstYear. 


Expressions 


Lookup 


Syntax 
Lookup(ILV, IV1, DV1, IV2, DV2) 


Description 


Looks up the value of an independent lookup variable (ILV), and returns a value for 
a corresponding dependent variable. 


The lookup works as follows: 
If ILV <= IV1 then 
Result = DV; 
If ILV >= IV2 then 
Result = DV> 
Otherwise (if ILV lies between IV1 and IV2) then 


(ILV - IV) 


Result = DV, + (DV, - DV,)x 
Uv, - /) 


The lookup function can be useful in cases where you want a dependent variable to 
vary in direct proportion to another variable according to the straight line equation: 
y=mxtc. 


Example 


Imagine that the unit price of wind power will decrease from its current price of 10 
$ to 8$ as a function of the installed capacity of the resource, but will go no lower 
than 8$ even if capacity increases above 400 MW. The current capacity is 50 MW. 
Hence for the price variable, you would enter an expression: 


Lookup(Capacity, 50, 10, 400, 8) 
When Capacity reaches 200 MW the price will be $9.1. 
Other Examples 
Lookup(30, 10, 10, 50, 8) = 9 
Lookup(2, 0, 0, 6, 9) =3 


Lookup(10, 20, 0, 40, 100) = 0 
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Notice that the independent lookup value is less than the minimum 
independent value so the value returned is the minimum dependent value. 


Lookup(50, 20, 0, 40, 100) = 100 


Notice that the independent lookup value is greater than the maximum 
independent value so the value returned is the maximum dependent value. 
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LogisticForecast 


Syntax 


LogisticForecast(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
LogisticForecast(XLRange(Filename, Rangename)) 
LogisiticForecast(Branch: Variable) 


See also: Using Time-Series Functions 


Description 


Logistic forecasting is used to estimate future values based on a time series of 
historical data. The new values are predicted using an approximate fit of a logistic 
function by linear regression. 


A logistic function takes the general form: 


B-A 
Y=At+ ——_____. 
1+ e@ (ax +b) 


where the Y terms corresponds to the variable to be forecast and the X term is years. 
A, B, a, b are constants and e is the base of the natural logarithm (2.718). A logistic 
forecast is most appropriate when a variable is expected to show an "S "shaped 
curve over time. This makes it useful for forecasting shares, populations and other 
variables that are expected to grow slowly at first, then rapidly and finally more 
slowly, approaching some final value (the "B" term in the above equation). 


Use this function with caution. You may need to first use some other package to test 
the statistical validity of the forecast (i.e. test how well the regression "fits" the 
historical data). 


NB: The result of this function will be overridden by any value calculated for the 
base year of your analysis. In some cases this may lead to a marked "jump" from 
the base year value to the succeeding year's value. This may reflect the fact that the 
base year you have chosen is not a good match of the long-term trends in your 
scenario, or it may reflect a poor fit between the regression and the historical data. 
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Parent 


Syntax 


Parent 

Parent(BranchName) 
Parent(VariableName) 
Parent(BranchName, VariableName) 


Description 


The current value of the specified variable in the parent branch of named branch. 
Both BranchName and VariableName are optional parameters so that, when used 
without any parameters, the function returns the value of the current variable in the 
parent branch of the current branch. 


Because the simple form of this function points, not to a named branch, but to a 
relative branch address (the parent), it can be safely used in cases where you want 
to write a model for a particular set of subsectoral branches, and then copy branches 
for use elsewhere in the tree. See also: the "TotalChildren" function. 
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ParentScenario 


Syntax 


ParentScenario or 
ParentScenario(BranchName) 


Description 


Calculates the value of either the current branch, or of another branch in the parent 
scenario: the scenario from which the current scenario immediately inherits. This 
function can be useful if you want to enter changes in values ("deltas") with respect 
to a parent scenario rather than having to enter absolute values. See also: 
BaselineScenario. 


Important: This function cannot be used in Current Accounts. 


Examples 


Typically you will use this function in conjunction with an Interp function to 
specify how one scenario differs from another, 


ParentScenario + Interp(BaseY ear, 0, EndYear, 1) 

In this example the scenario value starts out the same as the parent scenario in the 
base year. By the end year, the scenario value is one greater than the parent 
scenario value. 

ParentScenario * Interp(BaseYear, 1, EndYear, 1.5) 

In this example the scenario value starts out the same as the baseline scenario in the 


base year. By the end year, the scenario value is 50% greater than the parent 
scenario value. 
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PrevYear 


Syntax 


PrevYear 


Description 


The year previous to the one being evaluated as a numeric value. This function is 
not available when entering Current Accounts. 


Examples 


Evaluated in 2000 = 1999.0 
Evaluated in 2020 = 2019.0 
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PrevYearValue 


Syntax 


PrevYearValue or 
PrevY earValue(BranchName) 


Description 


Calculates the previous year's value of either the current branch or of another 
branch referred to as a parameter to the function. This function is not available 
when entering Current Accounts. 


Examples 
10+PrevY earValue 


Evaluated for a value of 100 in 2000 


2001 = 110 
2002 = 120 
2003 = 130 


0.3+Prev Year Value(Households\Urban\Cooking) 


Evaluated for a value of 30 in 2000 in a branch named "Household\Urban\Cooking". 


2001 = 30.3 
2002 = 30.6 
2003 = 30.9 
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Remainder 


Syntax 


Remainder(Expression) 


Description 


Tip: 


Calculates the remainder between an Expression and the sum of the values of 
neighboring (sibling) branches. The parameter specifies the total to which all 
neighboring branches should sum. In other words, the function is calculated as 


Expression - Sum of Other Neighboring Branches. 


Note that an error will occur if you attempt to use the remainder function in more 
than one neighboring branches. 


Example 
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Consider two neighboring branches in a demand tree in which you are specifying 
the changing market share of Kerosene and LPG cooking technologies (in percent): 


Branch Expression 


Household\Cooking\Kerosene Interpolate(2000, 
50, 2020, 30) 


Household\Cooking\LPG Remainder(100) 


Remainder(100) is evaluated as follows: 


2000 = 50.0 
2010 = 60.0 
2020 = 70.0 


Expressions 


Smooth 


Syntax 


Smooth (Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Smooth (ExcelFilename, ExcelRangeName) 


Description 


Estimates a value in any given intermediate year based on the year/value pairs 
specified in the function and a smooth curve polynomial function of the form 


Y=a+bxX+c.X2+d.X3+ex4+... 


When more points are available, a higher degree polynomial is used to give a more 
accurate fit. A minimum of 3 year/value pairs are required in order for the curve to 
be estimated. 


Using the above two alternatives syntax, year/value pairs can either be entered 
explicitly or linked to a range in an Excel spreadsheet. Use the Time-series Wizard 
to input these values or to specify the Excel data. In either case, years do not need 
to be in any particular order, but duplicate years are not allowed, and must be in the 
range 1990-2200. 


When linking to a range in Excel, you must specify the directory and filename of a 
valid Excel worksheet or spreadsheet (an XLS or XLW) file, followed by a valid 
Excel range. A range can be either a valid named range (e.g. "Import") or a range 
address (e.g. "Sheet1!A1:B5"). Excel ranges must be structured in one of two ways: 


o As 2 columns of data, in which the first column is years and the second is 
values, or 


o as 2 rows of data in which the first row is years and the second is values. 


o Ineither case, the data must be organized in chronological order (from left to 
right or from top to bottom). 


NB: The base year value is always implicit in the function, and will override any 
value explicitly entered for that year by the user. 


Tip 


Use the Time-Series Wizard to enter the data for this function. 
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Step 


Syntax 


Step(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Step(ExcelFilename, ExcelRangeName) 
Step(Branch: Variable) 


See also: Using Time-Series Functions, Interp 


Summary 


Calculates a value in any given year using a step function between a time-series of 
year/value pairs. 


Example 
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Step (2000, 300.0, 2010, 500.0, 
2020, 900.0) 


2000 = 300.0 
2012 = 500.0 
2022 = 900.0 


Values 


NB: The base year value is 
always implicit in the function, 
and will override any value 
explicitly entered for that year by 
the user. For example, if the base 
year is 1997 and the base year 2000 2005 2010 2015 2020 2025 2030 
value (entered in Current oe 

Accounts) is 200.0 then the function above will results in the value 200.0 for both 
1998 and 1999. 


Expressions 


TotalChildren 


Syntax 


TotalChildren 

TotalChildren(BranchName) 

TotalChildren (VariableName) 

TotalChildren (BranchName, VariableName) 


Description 


The sum of the specified variable across all children of the named branch. Both 
BranchName and VariableName are optional parameters so that, when used without 
any parameters, the function returns the sum of the current variable across the 
children of the current branch. 


Because the simple form of this function points, not to a named branch, but to a 
relative branch address (all children), it can be safely used in cases where you want 
to write a model for a particular set of subsectoral branches, and then copy branches 
for use elsewhere in the tree. See also: the "Parent" function 
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Year 


Syntax 
Year or Y 


Description 


The year being evaluated as a numeric value. 


Example 


Evaluated in 2000 = 2000.0 
Evaluated in 2020 = 2020.0 
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13.4 Mathematical Functions 
Ceil 
Syntax 

Ceil(Expression) 


Description 


The expression rounded up toward positive infinity. Use Ceil to obtain the lowest 
integer greater than or equal to X. 


Example 
Ceil(-2.8) = -2 
Ceil(2.8) = 3 
Ceil(-1.0) = -1 
Exp 


Syntax 


Exp(Expression) 


Description 


The constant e raised to the power of Expression. The constant e equals 
2.71828182845904, the base of the natural logarithm. EXP is the inverse of LN, the 
natural logarithm of number. 


Examples 


EXP(1) = 2.718282 (the approximate value of e) 
EXP(2) = 7.389056 
EXP(LN(3)) = 3 


Tip 


To calculate the powers of other bases, use the exponentiation operator (‘). 
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Floor 


Syntax 


Floor(Expression) 


Description 


The expression rounded toward negative infinity. Use Floor to obtain the highest 
integer less than or equal to X. 


Example 
Floor(-2.8) = -3 
Floor(2.8) = 2 
Floor(-1.0) = -1 
Frac 


Syntax 


Frac(Expression) 


Description 


The fractional part of Expression. Frac(Expression) = Expression - Int(Expression). 


Examples 


Frac(2.3) = 0.3 
Frac(-2.5) = -0.5 


Int 


Syntax 


Int(Expression) 


Description 


The integer part of the expression (the expression rounded toward zero). 


Example 


Int(25.5) = 25 
Int(-2.3) = -2 


176 


Expressions 


Ln 
Syntax 
Ln(Expression) 
Description 
The natural logarithm of the expression 
Example 
Ln(10) = 2.3026 
Log 
Syntax 


Log(Expression) 


Description 


The base 10 logarithm of the expression 


Examples 


Log(10) = 1 
Log(100) = 2 


Sqr 
Syntax 
Sqr(Expression) 


Description 


The square of the expression, equivalent to Expression * Expression or (expression 
N2). 


Example 


Sqr(3) = 9 
Sqr(10) = 100 
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Sqrt 

Syntax 
Sqrt(Expression) 

Description 


The square root of the expression. 


Example 


Sqrt(9) = 3 
Sqrt(100) = 10 
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13.5 Logical Functions 
Equal 
Syntax 

Equal(Expression1, Expression2) 


Description 


Returns a value of 1 if parameter 1 is equal to parameter 2. Otherwise returns a 
value of zero. 


Note: This function is included for backwards compatibility with earlier versions of 
LEAP. In the latest versions of LEAP you can now use the standard equals operator 


"=" directly in your expressions. This helps to simplify your expressions and make 
them easier to understand. 


Example 


Equal(-1,3) = 0 
Equal(3,3) = 1 


False 


Syntax 


False 


Description 


Used in logical tests. Has a value of zero. 


179 


LEAP User Guide 


fnAnd 


Syntax 


fnAnd(Expression1, Expression2) or 
fnAnd(Expression1, Expression2, Expression3) 


Description 


Returns a value of true (1) if both parameter 1 and parameter 2 are true. Otherwise 
returns a value of false (0). 


Note: This function is included mainly for backwards compatibility with earlier 
versions of LEAP. In the latest versions of LEAP you can now use the word "AND" 
as a Standard operator between two terms. This helps to simplify your expressions 
and make them easier to understand. Note also that because of the introduction of 
the new "And" operator, this function has been renamed from "And" to become 
"fnAnd". Any expressions in older data sets will automatically be renamed. 


Example 


fnAnd(1,0) = false 
fnAnd(true,true) = true 
fnAnd(false, false, false) = false 
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fnOr 


Syntax 


fnOr(Expression1, Expression2) or 
fnOr(Expression1, Expression2, Expression3) 


Description 


Returns a value of true (1) if either parameter 1 or parameter 2 is true. Otherwise 
returns a value of false (0). 


Note: This function is included mainly for backwards compatibility with earlier 
versions of LEAP. In the latest versions of LEAP you can now use the word "OR" 
as a Standard operator between two terms. This helps to simplify your expressions 
and make them easier to understand. Note also that because of the introduction of 
the new "OR" operator, this function has been renamed from "Or" to become 
"fnOr". Any expressions in older data sets will automatically be renamed. 


Example 


fnOr(1,0) = true 
fnOr(True, True) = true 
fnOr(false, false, false) = false 
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fnNot 


Syntax 


fnNot(Expression1, Expression2) 


Description 


Returns a value of true (1) if parameter 1 is true and parameter 2 is false, or if 
parameter 2 is true and parameter 1 is false. Otherwise returns a value of false (0). 


Note: This function is included mainly for backwards compatibility with earlier 
versions of LEAP. In the latest versions of LEAP you can now use the word "NOT" 
as a standard operator between two terms. This helps to simplify your expressions 
and make them easier to understand. Note also that because of the introduction of 
the new "NOT" operator, this function has been renamed from "NOT" to become 
"fnNOT". Any expressions in older data sets will automatically be renamed. 


Example 


fnNOT(1,0) = true 
fnNOT(true,true) = false 
fnNOT(false,false) = false 
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GreaterThan 


Syntax 


GreaterThan(Expression1, Expression2) 


Description 


Returns a value of 1 if parameter 1 is greater than parameter 2. Otherwise returns a 
value of zero. 


Note: This function is included for backwards compatibility with earlier versions of 
LEAP. In the latest versions of LEAP you can now use the standard greater than 
operator ">" directly in your expressions. This helps to simplify your expressions 
and make them easier to understand. 


Example 


GreaterThan(-1,3) = 0 
GreaterThan(3,1) = 1 
GreaterThan(1,1) = 0 
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GreaterThanOrEqual 


Syntax 


GreaterThanOrEqual(Expression1, Expression2) 


Description 


Returns a value of 1 if parameter 1 is greater than or equal to parameter 2. 
Otherwise returns a value of zero. 


Note: This function is included for backwards compatibility with earlier versions of 
LEAP. In the latest versions of LEAP you can now use the standard greater than or 
equals operator ">=" directly in your expressions. This helps to simplify your 
expressions and make them easier to understand. 


Example 


GreaterThanOrEqual(-1,3) = 0 
GreaterThanOrEqual(3,1) = 1 
GreaterThanOrEqual(1,1) = 1 
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If 


Syntax 


If(TestExpression, ResultIfTrue, ResultIfFalse) 


Description 


Use the If function to return one value if a condition is TRUE (<> 0) and another 
value if it is FALSE (=0) 


TestExpression is any value or expression that can be evaluated to TRUE or 
FALSE. Test expressions are generally made up of two or more statements which 
are compared using LEAP's logical functions (and, or, lessthan, greaterthan, equal, 
etc.). 
ResultIfTrue is an expression that is evaluated if TestExpression is TRUE. 
ResultIfFalse is an expression that is evaluated if TestExpression is FALSE. 
IF functions can be nested to construct more elaborate tests. 

Examples 
If(Income>1000, 10, 20) 


If the branch named Income has a value greater than 1000 then the function 
evaluates to value 10, otherwise it evaluates to 20. 
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LessThan 


Syntax 


LessThan(Expression1, Expression2) 


Description 


Returns a value of 1 if parameter 1 is less than parameter 2. Otherwise returns a 
value of zero. 


Note: This function is included for backwards compatibility with earlier versions of 
LEAP. In the latest versions of LEAP you can now use the standard less than 
operator "<" directly in your expressions. This helps to simplify your expressions 
and make them easier to understand. 


Example 


LessThan(-1,3) = 1 
LessThan(3,1) = 0 
LessThan(1,1) = 0 


186 


Expressions 


LessThanOrEqual 


Syntax 


LessThanOrEqual(Expression1, Expression2) 


Description 


Returns a value of 1 if parameter 1 is less than or equal to parameter 2. Otherwise 
returns a value of zero. 


Note: This function is included for backwards compatibility with earlier versions of 
LEAP. In the latest versions of LEAP you can now use the standard less than or 
equals operator "<=" directly in your expressions. This helps to simplify your 
expressions and make them easier to understand. 


Example 


LessThanOrEqual (-1,3) = 1 
LessThanOrEqual (3,1) = 0 
LessThanOrEqual (1,1) = 1 


NotEqual 


Syntax 


NotEqual(Expression1, Expression2) 


Description 


Returns a value of 1 if parameter 1 is not equal to parameter 2. Otherwise returns a 
value of zero. 


Note: This function is included for backwards compatibility with earlier versions of 
LEAP. In the latest versions of LEAP you can now use the standard not equals 
operator "<>" directly in your expressions. This helps to simplify your expressions 
and make them easier to understand. 


Example 


NotEqual(-1,3) = 1 
NotEqual(3,3) = 0 
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True 


Syntax 


True 


Description 


Used in logical tests. Has a value of one. 


188 


Expressions 


13.6 Statistical Functions 
GeometricMean 


Syntax 


GeometricMean(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
GeometricMean(ExcelFilename, ExcelRangeName) 
GeometricMean(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the harmonic mean of the values in a time-series expression. The 
geometric mean is the n'th root of the product of n positive numbers. All values 
must be positive. 


HarmonicMean 


Syntax 


HarmonicMean(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
HarmonicMean(ExcelFilename, ExcelRangeName) 
HarmonicMean(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the harmonic mean of the values in a time-series expression. The 
harmonic mean is the reciprocal of the arithmetic mean of reciprocals. 
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Intercept 


Syntax 


Intercept(Year1, Valuel, Year2, Value2,... YearN, ValueN) or 
Intercept(ExcelFilename, ExcelRangeName) 
Intercept(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the point at which a line will intersect the value axis by using existing 
values and years. The intercept point is based on a best-fit regression line plotted 
through the known years and values. Use the intercept when you want to 
determine the value when the year is 0 (zero). 
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Mean 


Syntax 


Mean(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Mean(ExcelFilename, ExcelRangeName) 
Mean(Branch: Variable) 


See also: Using Time-Series Functions 


Summary 


Calculates the arithmetic average of the values in a time-series expression: the sum 
of the data divided by the sample size. 


Median 


Syntax 


Median(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Median(ExcelFilename, ExcelRangeName) 
Median(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the middle value in a time-series expression such that half the data 

values are above the median, and half are below. For example, in the odd series 1, 4, 
9, 12 and 33, 9 is the median. In the even series 1, 4, 10, 12, 33 and 88, 11 is the 
median (halfway between 9 and 12). Note, the median is not necessarily the same as 
the AVERAGE (or mean). For example, the median of 2, 6, 10, 22 and 40 is 10 but 
the average is 18. 
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Min 
Syntax (1) 


Min(Expression1, Expression2) or 
Min(Expression1, Expression2) 


Description 

Returns the minimum value of the list of parameters. Accepts up to 3 parameters. 
Example 

Min(3,4,5) = 3 


Syntax (2) 
Min(Year1, Valuel, Year2, Value2,... YearN, ValueN) or 


Min(ExcelFilename, ExcelRangeName) 
Min(Branch: Variable) 
See also: Using Time-Series Functions. 


Description 


Calculates the minimum of the values in a time-series expression. 
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Max 


Syntax (1) 


Max(Expression1, Expression2) or 
Max(Expression1, Expression2, Expression3) 


Description 


Returns the maximum value of the list of parameters. Accepts up to 3 parameters. 
Example 
Max(3,4,5) =5 


Syntax (2) 
Max(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Max(ExcelFilename, ExcelRangeName) 
Max(Branch: Variable) 
See also: Using Time-Series Functions. 
Description 
Calculates the maximum of the values in a time-series expression. 
Observations 
Syntax 
Observations(Yearl, Value1, Year2, Value2,... YearN, ValueN) or 


Observations(ExcelFilename, ExcelRangeName) 
Observations(Branch: Variable) 
See also: Using Time-Series Functions. 


Summary 


Reports the number of variables in a time-series expression. 


Example 
Observations(2000, 100, 2020, 150, 2030, 200) = 3 
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RSquared 


Syntax 


RSquared(Year1, Value1, Year2, Value2,... YearN, ValueN) or 
RSquared(ExcelFilename, ExcelRangeName) 
RSquared(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Reports the R-Squared value for a time-series. R-squared is a statistical measure of 
how well a regression approximates real data points. An r-squared of 1.0 indicates 
a perfect fit. 


The formula for r is: 
(X,Y) = [ Cov(X,Y) ]/[ StdDev(X) x StdDev(Y) ] 


Example 


RSquared(1980, 2, 1982, 2, 1985, 4, 1990, 6, 1993, 8, 1995, 8, 2000, 10, 2005, 12, 
2010, 18) =0.,958 
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StdDev 


Syntax 


StdDev(Yearl, Value1, Year2, Value2,... YearN, ValueN) or 
StdDev(ExcelFilename, ExcelRangeName) 
StdDev(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the standard deviation of the values in a time-series expression: the 
square root of the average of the squares of deviations about the mean of the data. 
Standard deviation is a statistical measure of spread or variability. 


StandardError 


Syntax 


RSquared(Year1, Value1, Year2, Value2,... YearN, ValueN) or 
RSquared(ExcelFilename, ExcelRangeName) 
RSquared(Branch: Variable) 


See also: Using Time-Series Functions 


Summary 


Reports the standard error for a time-series. Standard error is a measure of an 
estimate's variability. The greater the standard error in relation to the size of the 
estimate, the less reliable the estimate. As a rough rule-of-thumb, one can be 95% 
confident that the true coefficient is within +1.96 standard errors of the estimate, or 
68% confident that the true coefficient is within +1 standard error. 


Example 


RSquared(1980, 2, 1982, 2, 1985, 4, 1990, 6, 1993, 8, 1995, 8, 2000, 10, 2005, 12, 
2010, 18) =0.,958 


195 


LEAP User Guide 


Slope 


Syntax 


Slope(Yearl, Value1, Year2, Value2,... YearN, ValueN) or 
Slope(ExcelFilename, ExcelRangeName) 
Slope(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the Slope of the linear regression line through the specified year/value 
data points. The Slope is the rate of change of the value each year. 


Variance 


Syntax 


Variance(Yearl, Valuel, Year2, Value2,... YearN, ValueN) or 
Variance(ExcelFilename, ExcelRangeName) 
Variance(Branch: Variable) 


See also: Using Time-Series Functions. 


Summary 


Calculates the variance of the values in a time-series expression. Variance is a 
measure of the variation shown by a set of observations defined by the sum of the 
squares of deviations from the mean, divided by the number of degrees of freedom 
in the set of observations. The larger the variance, the larger the distance of the 
individual cases from the group mean. 
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14 Supporting Screens 


14.1 Expression Builder 


J Expression Builder Joes 


Functions: Modeling 


AnnualizedCost 
BYExpForecast 
BYLinForecast Syntax 

Base Year | 

Base YearValue EndYear, or 
BaselineScenario EY 
EndYear al 

ExpForecast Description 
ExpInterp 
FirstScenario Year 
Growth 


The last year of the analysis as a numeric value 
(as specified in the Areas: General Parameters | 


Functions | LEAP Variables || TED Variables || Fuel Variables || Constants | 


_) Clear Verify + - / +A a BA % ( yl < a 
EndYear 


The Expression Builder is a general purpose tool that helps you construct LEAP's 
expressions by including functions and LEAP and TED Branches/Variables into an 
expression editing box. You can access the Expression builder by clicking the button (@) 
attached to any expression in Analysis View, by right-clicking on an expression and 
selecting Expression Builder, or using the shortcut key (Ctrl-B). 


The screen of the Expression Builder is divided into two resizable panes. At the top are a 
set of tabs that are used to access the names of the mathematical, logical and modeling 
functions built-in to LEAP, as well as to access the tree branches in both LEAP and TED. 
At the bottom of the screen is an editing box, into which you can directly type to edit an 
expression, or into which you can add an item from the top pane, either by dragging-and- 
dropping or by double-clicking on an item. At the right of the editing box are a set of 
buttons that give quick access to the most common mathematical operators (+, -, *, /, “, 
etc.). 
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A toolbar at the top of the expression builder gives access to the most common editing 
options such as Cut (=), Copy (Zh), Paste (1B), etc. When constructing an expression, 
you can check whether the expression is valid by clicking on the Verify button. Finally, 
when you have finished with the expression, click on OK to put the expression back into 
the data entry table you came from, or click on Cancel to abandon the edit. 


There are four tabbed pages in the Expression Builder: 
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Functions contain the list of functions built-in to LEAP. You can see a list of 
ALL functions or filter the list to show the modeling, mathematical and logical 
functions separately. On the right of the tab, each function is documented with 
notes describing syntax and usage, as well as examples of how it can be applied. 
The modeling functions are the main functions used for defining and calculating 
variables in LEAP. The mathematical functions are standard mathematical 
functions (log, exp, max, min, etc.). Wherever possible the names and syntax of 
these functions are the same as equivalent functions in Microsoft Excel. The 
logical functions are standard logical operators (IF, AND, NOT, OR, LessThan, 
etc.) used to construct conditional expressions that behave yield different results 
depending on the values of variables. The expression builder will automatically 
show the help topic associated with the function highlighted in the edit box in the 
bottom part of the builder screen. As you click on a word in the edit box or move 
the edit cursor, the help topic displayed in the top half of the screen will 
automatically update. 


LEAP Variables contains a tree outline listing all LEAP branches. When you 
drag and drop, or double-click on a branch to add it to the expression, a pop-up 
box will appear prompting you to pick a variable from the branch to which you 
wish to refer. When editing scenarios, you can also reference lagged result 
variables: these are the variables that are only evaluated during LEAP's 
calculation routines. When you reference them in Analysis View or in the 
Expression builder, LEAP will show the most recently calculated results for these 
variables. Note however, that following a full calculation the value may change. 
Referencing a result variable before it has been calculated will return a zero value. 
Note that result variables are always lagged (i.e. they return the value for the 
previous year). Hence, lagged result variables cannot be included in Current 
Accounts expressions. Note also that before you can reference result variables you 
need to enable the option Allow Lagged Results in Expressions on the Scope tab 
of the General: Basic Parameters screen. Enabling this option will cause slower 
calculations, so if you do not require lagged results leave this option unchecked 
for faster calculations. 


Fuel Variables: A further type of variable you can reference in expressions is 
fuel variables. These are the various chemical and physical characteristics of the 
fuel associated with a branch. Examples include the carbon, sulfur, and moisture 
content of the fuel, and its net heating value. Notice that only branches in which 
fuels are consumed or produced have valid fuel variables. These fuel variables 
reflect the data defined in the Fuels screen. 
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e Constants: Constants, including your own user-defined constants, can also be 
included in expressions. A default set of constants are included that define various 
molecular weight constants. These are primarily useful in defining emission 
factors. For example, a CO2 emission factor might be a function of the carbon 
content of the fuel, the fraction of the fuel oxidized, and the molecular weights of 
carbon and carbon dioxide. Thus, in units of kg CO2 per kg of fuel burnt, the 
emission factor would be written as follows: 


o CarbonContent * FractionOxidized * (CO2/C) 


You can add items from the top pane into the bottom edit pane by dragging and dropping 
items or by clicking the large “Add button placed between the two panes. 


14.2 Time-Series Wizard 


The Time-Series Wizard is a tool that helps you construct the various time-series 
expressions supported by LEAP's Analysis View. These expressions include functions for 
interpolation, step functions, smooth curves and linear, exponential and _ logistic 
projections. The wizard is divided into three pages, which you step through using the 
Next (™*) and Previous (@) buttons. 


Page 1: Function 
Use this page to select the type of function you want to create. The functions are 


summarized in graph form on screen as shown below, and are grouped into two 
main types. 
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Time-Series Wizard: Step 1/3: Select Function 


Interpolate Step Function Smooth Curve 


aA 


Linear Forecast Exponential Forecast Logistic Forecast 


The functions on the top row allow you to specify data points for various future 
years, and the function then calculates the values for intervening years: 


o The interpolation function calculates values based on a linear (straight 
line) interpolation between the values you specify. 


o The step function assumes that values change discretely at the specified 
data years. In other words, values stay constant after a specified data year, 
until the next specified data year. 


o The smooth curve function calculates a best-fit smooth curve based on a 
polynomial least-squares fit of the specified data points. To achieve a good 
fit, the smooth curve function requires at least 3 data points. 


The interpolation and smooth curve functions are most useful when you expect data 
to change gradually (for example when modeling the gradual penetration of some 
common device such as refrigerators or vehicles). The step function is most useful 
for specifying "lumpy" changes to the energy system, such as the addition of 
specific power plants to an electric generation system. 


The functions on the bottom row, allow you to specify historic data values (i.e. 
values before the base year). The different functions are then used to extrapolate 
data forward to calculate future values. Extrapolations are based on linear, 
exponential or logistic least-squares curve fits. Use these functions with care. The 
onus is on you to ensure that the projections are reasonable, both in terms of how a) 
well the estimated curve fits the historical data, and b) how policies and other 
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structural factors may change in the future. In other words, be sure to consider 
how well you can identify past trends, but also if it is reasonable to expect these 
past trends to continue into the future. LEAP helps you with task a) by providing 
various statistics describing the curve-fit: the R* value, the standard error, and the 
number of observations. If you need to do a more detailed analysis, we suggest you 
use the data analysis features built-in to Microsoft Excel, and then link your results 
to your LEAP analysis (see below). 


Page 2: Data Source 
On page 2 shown below, you select the source of the data for the expression. Select 


whether you want to enter the data directly (i.e. type it in) or whether you want to 
link to the values in an external Excel spreadsheet. 


Time-Series Wizard: Step 2/3: Select Data Source 


Preview 


Interpolate 


Page 3: Enter Data 


Depending on you choice on page 2, in page 3 you either enter the data used by the 
function (as shown below) or select an Excel spreadsheet and range from which to 
extract the data for the selected time-series function. 


o When entering data directly, use the Add (“F) and Delete (=) buttons to add 
or delete new year/value pairs, or click and drag data points on the adjoining 
graph to edit values graphically. For the Interpolation function, an additional 
data field is shown allowing you to specify a percentage growth rate, which is 
applied after the last specified data year. By default this value is zero. In other 
words, by default values are not extrapolated past the last interpolation data 
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year. The data you entered will be shown as the points on the adjoining chart, 
while the line drawn on the chart will reflect the projection method you chose 
on page one. 


o In Current Accounts, when creating a linear or exponential regression, an 
additional check box will be displayed giving you the option of forcing the 
regression curve through the base year value. 


Time-Series Wizard: Step 3/3: Enter Data 


! de Add = Delete *32 9° Preview 
= Allow dragging of values 


2000 30.00 
2015 

2020 35.00 
2030 45.00 


2000 482005 2010 2015 #2020 2025 2030 
Growth after last pear: | 0 poe 


When linking to a Microsoft Excel sheet, a slightly different screen will be 
displayed (shown below). On this screen, first enter the name of the worksheet file 
(.XLS) or use "..." button to browse your PC and local network for the file. Next 
enter the range name from which the data will be extracted, or click the button 
attached to the field to select from the named ranges in the worksheet. Ranges can 
be specified either as names, or as Excel range formulae (e.g. Sheet1!A1:B16). 


NB: Excel ranges must be structured in one of two ways: 


o As 2 columns of data, in which the first column is years and the second is 
values, or 


O as 2 rows of data in which the first row is years and the second is values. 
o In either case, the data must be organized in chronological order (from left to 
right or from top to bottom). 


Click on the Get Excel Data button to extract the data from Excel and preview the 
values in the adjoining graph. Notice that the points on the chart will be the values 
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in the Excel spreadsheet, while the line drawn on the chart will reflect the projection 
method you chose on page one. We suggest that you store any subsidiary Excel 
worksheets in the same folder as your LEAP area data (i.e. a subfolder of the LEAP 
program folder). By using this approach, your Excel worksheets will be copied, 
backed-up and restored along with the other area data. 


Use the Create Function As radio buttons to choose how the data should be 
inserted into the expression you are editing: either as a live Excel link, which will 
be updated whenever the spreadsheet is edited and saved, or as data, which is 
initially copied from Excel, but will not subsequently be updated if the Excel 
spreadsheet is changed. Creating links to Excel spreadsheets is a good approach if 
you wish to do most of your editing work in Excel, or if you wish to conduct 
additional modeling outside of LEAP. However, it will also slow down LEAP 
calculations. 


Step 3/3: Enter Data 


Yakewerenn ie hielulti Preview 
Excel Worksheet: | c:\test.sls oo 


Excel Range: Import 


32 
30 


| 28 \ 
Create Function as: od 


@ExcelLink © Data 2000 2005 2010 2015 2020 2025 2030 
. Years 


Growth rate after last year: | .4] 


Cer : 
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14.3. Printing Expressions 


The print expressions screen lets you preview, print and export reports showing one or all 
variables across all branches of the tree for the current scenario. In addition to letting you 
print the expressions used in your analysis, the screen also prints out the structure of the 
tree including its icons, and units used to enter each expression. 


The screen toolbar lets you select different pages of the report, zoom in and out, change 
font (#%), set the page dimensions, and print (%) and save (ll) the report to various 
standards formats including plain text (TXT),Word (RTF), Comma Separated Value 
(CSV), and Excel (XLS). In additions buttons are included to directly send reports to 
Word (za) and Excel (2s). 


The toolbar also lets you reformat the report to either show all variables or the current 
variable. 


14.4 Import From Excel 


Use this option in conjunction with the Export to Excel option to import large amounts of 
data into LEAP from a previously saved Excel template spreadsheet. Depending on how 
the spreadsheet has been set-up this function will either directly import expressions, or it 
will import values stored in columns of the spreadsheet, with each column representing 
one year of data. Each row of the spreadsheet refers to the data associated with one 
branch/variable/region/scenario. 


If the spreadsheet contains values stored in columns, then these will be imported and 
converted into time-series expressions in LEAP using either the Interp, Step or Smooth 
functions based on the label you specify in a column of the spreadsheet. You will be 
asked whether you wish these expressions to be created as live links to the original Excel 
spreadsheet, or as data (i.e. not linked to the spreadsheet). In the former case, creating the 
expressions as links to Excel is preferable if you wish to do most of your editing work in 
Excel, or if you wish to conduct additional Excel modeling outside of LEAP. However, 
this approach will also considerably slow-down LEAP's calculations. 


Before using this option you must have created and opened a spreadsheet in Excel 
containing the data you wish to import. This spreadsheet must be strictly formatted with 
the names of branches as the rows of the spreadsheet and the annual values to be 
imported as columns. Various other data are also required in the spreadsheet. The only 
practical way to create such a spreadsheet is to first use the Export to Excel option 
to create a blank template spreadsheet. However, once you have exported a template 
spreadsheet it is very easy to add or delete columns for different years, or to remove the 
rows representing certain branches/regions/scenarios/variables for which you do not 
wish to import data. 


Tips: 
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What Sheet is Imported? LEAP always imports from the current open Excel 
spreadsheet. 


Importing Scaling Factors and Units: When importing data, LEAP will also 
import and update the scaling factors and numerator and denominator units 
associated with most variables. Thus, you can use Excel to edit both data and also 
scaling factors and units. This can be particularly useful if you wish to change the 
scale or units of many branches at the same time (e.g. if changing the currency 
unit for a whole study). All you need to do is (1) export a variable from LEAP to 
Excel, (2) change the units by copying and pasting ranges of cells in Excel, then 
(3) re-import the spreadsheet. Note however, that in LEAP, scaling factors and 
units apply across all scenarios and across both Current Accounts data and all 
scenarios. Hence LEAP will only import edits to scaling factors and units 
specified for Current Accounts in the first region. Any edits made to scaling 
factors and units for other regions or scenarios will be ignored. 


Importing from Filtered Excel Spreadsheets: By default, LEAP's export 
option will set up a spreadsheet that can be easily filtered to show only selected 
branches, variables, regions or scenarios. You can use the auto-filter buttons in 
the spreadsheet to selectively hide rows of the spreadsheet. However, when 
importing, LEAP will import data from all rows of the spreadsheet, whether they 
are visible or not. 


Resetting to Inherited Expressions: To reset many expressions in a scenario to 
the ones used in the parent scenario first export the scenario to Excel, then in the 
spreadsheet erase the expressions you wish to reset (but do not delete the row of 
the spreadsheet). then import the sheet back into LEAP. 


How the Import option works: In order to work correctly, the import function 
needs to match-up the rows in the spreadsheet with the data stored in LEAP for a 
given branch, variable, scenario and region. It is important to understand that 
during the import LEAP does NOT make use of the names stored in the 
branch/variable/region and scenario columns. Instead it makes use of 4 hidden 
columns in the spreadsheet (columns A-D) that contain unique ID codes used for 
these items in LEAP. Please bear these warnings in mind: 


e You should back-up your LEAP data sets before importing any data. 


e We strongly suggest that you do not edit any of the hidden ID 
codes. Editing these codes may cause unpredictable results and can even 
cause your LEAP data to become corrupted and unusable. Bear in mind 
also that you cannot add rows to the sheet. LEAP can only import data that 
corresponds to an existing branch/variable/region/scenario, 


e However, you can safely delete rows in the spreadsheet. LEAP simply 
imports any remaining contiguous rows that exist in the spreadsheet 
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14.5 Export to Excel 


Use this option to export to 
Excel all of the data in LEAP 
associated with the main tree 
structure. That is, all of the 
data specified using 
expressions on LEAP's main 
screen. This option will not 
export subsidiary databases 
such as the Fuel, Effects and 
Units databases. These 
databases can be exported 
from their own data entry 
screens. 


Export to Excel 


Branches: 

Ov Urban 

@) Urban and below 
Oall 

Scenarios: 


©) Reference 


Variables 
©) Activity Level 


Data to Export: 

© Not inherited data 
Format: 

OExpressions 

©) Values for default years 


© Values for all years 


j , : fil el Shee 
This option is also used to set- | “lAvtofiter &xce! sheet 
up a-_ blank _ template 


spreadsheet in preparation for 


importing data into Excel. For more information, see Import to Excel. 


You can export data for: 


e The current branch in the tree, the current branch and all branches below it, 
or all branches. 


e The current scenario or all scenarios. 
e The current variable or all variables. 
e The current region or all regions. 
By default LEAP will export all of its data to Excel. Two other options let you set: 


e Data to Export: This option lets you either export all data, or only data that is not 
inherited i.e. is explicitly entered) for a given scenario and region. 


e Format: you can choose to export LEAP's expressions to a single Excel column, 
or you can export the times series data values into multiple Excel spreadsheet 
columns. One column will be exported for each of the default years that you 
specified in the General Basic Parameters: Years screen. The first option is for 
directly editing expressions in Excel, the second is most useful for exporting data 
or for setting-up a template as the basis for importing data into Excel. 
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Finally, LEAP can optionally set-up Excel's auto-filtering feature, to help you quickly 
sort through and filter the resulting spreadsheet. If you don't want Excel to auto-filter the 
resulting spreadsheet, uncheck the Autofilter checkbox. 


Once you have set these options, click OK to export to Excel, or Cancel to abort the 
export operation. 
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14.6 Manage Scenarios 


'S Manage Scenarios 


dp Add = Delete “2, Copy 4 Rename Key Parameters [53 Scenario Template 


=) Current Accounts (2000) 
(=) [V] REF: Reference 

LIGHT: Efficient Lighting 
FRI: Refrigerators 
[_] CNG: CNG Buses 
[_] NGWIN: Nat Gas + Wind 
[_] HYB: Hybrid Cars 
[_] SEQ: Sequestration 


Refrigerators 
CNG Buses 

Nat Gas + Wind 
$s , | * Hybrid Cars 
Results shown for checked scenarios Sequestration 
Uncheck to reduce calculation time 


La} none) 


Use the Manage Scenarios screen to create, delete, organize and set the properties of the 
scenarios in an Area. The Scenario Manager screen is divided into two panes. On the left, 
the Area's scenarios are listed in a hierarchical tree showing the main scenario inheritance 
structure. Scenario inheritance describes how each scenario inherits the expressions from 
the scenarios above it in the hierarchy. For more information, refer to Scenarios. Click on 
a scenario in the tree to edit it or to add a new scenario beneath it. 


Also on the tree, for each scenario you can use the check boxes to set whether you want 
to results to be shown for each scenario (in the Results, energy balance, Overviews and 
Summaries views). Un-checking a scenario will speed-up calculations, but prevent you 
from seeing its results. Un-checking a scenario will NOT erase any data associated with 
the scenario. Use the All and None buttons at the foot of the screen to quickly check or 
un-check all scenarios. 


On the right of the screen, you can edit the abbreviation for the currently highlighted 
scenario, edit the notes associated with each scenario, and edit the inheritance of each 
scenario. Use the Based On selection box to change the main parent of the scenario, and 
use the Also Inherits From box to edit the additional scenarios the scenario inherits from. 
For those branch/variable combinations in the scenario for which no expression has been 
explicitly defined, a default expression is inherited. The default expressions for a scenario 
are taken by first searching for expressions for a given branch and variable in the 
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additional scenarios (i.e. those listed in the Also Inherits From box). The additional 
scenarios are searched in the order shown in the Also Inherits From box. You can 
change the order of inheritance for scenarios, using the up (4) and down (~%) buttons 
next to the Also Inherits From box. If no expression is found in the additional scenarios, 
the expression is then inherited from the main parent scenario, followed by its immediate 
ancestors. Ultimately, all scenarios inherit from the expressions specified in Current 
Accounts. In multi-region areas, expressions may also be inherited from the default 
region. 


In the example shown above, a series of individual measures have been developed and 
then combined into an integrated scenario called Mitigation that captures their 
interactions. 

The tool bar at the top of the Scenario Manager lets you add, delete and rename scenarios. 


¢ Click Add (“P) to add a new scenario, immediately under the current scenario. 


e Click Delete (™) to delete a scenario. Bear in mind that deleting a scenario, will 
also delete all data associated with that scenario. 


e Click Copy (“2s to make a copy of a scenario with a different name, and click on 
Rename to rename the scenario. 


e Click Scenario Template (&) to edit or create a list of the key parameters used 
in your scenarios. Later you use this template to quickly create a new scenario, by 


editing the values for its key parameters. 


e Click Key Parameters (4) to view or edit the key parameters associated with the 
current highlighted scenario. 
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14.7 Create Scenario/Scenario Key Parameters 


Step 1/2: Edit name and choose scenario basis. 


Scenario Name: 


Name: Condensing Boilers 


Scenario is Based On: 


=) Current Accounts (2000) 
=] REF: Reference 

CNG: CNG Buses 
LIGHT: Efficient Lighting 
HYB: Hybrid Cars 
MIT: Mitigation (LIGHT, FRI, CNG, NGWIN, HYB, SEQ) 
NGWIN: Nat Gas + Wind 
FRI: Refrigerators 
SEQ: Sequestration 


Use this wizard to quickly edit or create a new scenario by reviewing its key parameters. 
When creating a new scenario the wizard has two steps: 


1. On the first screen, you enter a name for the new scenario and select the "parent" 
scenario, on which the expressions for the new scenario will be based. 


2. On the second screen, you edit the values for the key parameters of the new 
scenario. The list of key parameters are set through the Scenario Template screen. 
The names of the parameters are listed on the left of the screen, while on the right 
of the screen you use either a "spinner" control or a "slider" control to input 
values for each parameter. 


When editing the key parameters for an existing scenario, only the second page of the 
wizard is used. 
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14.8 Scenario Template 


Scenario Template 
op Add 4 Up W Down “Ff! Rename 


Parameter | “|| - Parameter Branch/Variable: 
Income Growth Rate Key\Pop Growth_Rate ) % 


Population Growth Rate 


End Year Urbanization Values 


[¥] Minimum: ) 4 [] Maximum: | 10 (2 


Notes: 
Scenario assumption about population growth rate (%) 


Use the scenario template option to create a list of the key parameters used in your 
scenarios. Each parameter is associated with one branch and variable in your LEAP 
analysis. We suggest that you use LEAP's Driver Variables for the key parameters in 
your scenarios. For each parameter you can enter a short description of the parameter and 
set a Maximum and minimum value. 


Once you have created a scenario template, you can use the Create Scenario button (Gi) 
in LEAP's analysis view to quickly create a new scenario, by editing the values for its key 
parameters. 


The scenario template screen has a number of options for editing the template. Click on 
the add button (IF) to add a new parameter. You will be prompted for a name for the 
parameter and asked to select the branch and variable in your analysis to which the 
parameter is linked. Click on the delete button (™) to delete the parameter. Note that this 
does not delete any data in your analysis, it simply removes the parameter from the 
template. Click on the up (“) and down (%) buttons to reorder the parameters in the 
template. Click on the rename button ( to rename a parameter. 
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14.9 New Area 


The New Area screen is the place where 
you create a new Area. You can create 
an area either from LEAP's default Name: \UK 
(blank) data set, or by copying from an Create area: 

existing data set. @ from default data 


New Area 


Odas a copy of area: | 


You can also optionally specify a 
password to protect an area. When Password Protection (Optional) 
specifying a password, use the radio 
buttons to indicate whether the 
password is required to open the area, 
or whether it is required only to save 
changes to the area (i.e. to open the area 
as a read-only data set). When no 
password is specified, the area can be 
freely opened and changed. 


Enter Password: | 


Confirm Password: | - 


After creating a new area you will be asked if you wish to review the Area's Basic 
Parameters. 
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14.10 Manage Areas 


*\. Manage Areas 


; a bs a ol? ») 9 
: New Delete Rename Zipped Backup to... Restore from... 


Area 


Freedonia 

GEM Level 1 

GEM Level 2 

GEM Level 3 

Industry_Level_2 ini 4/4/2005 


Description: 
Sample LEAP data set for fictional country “ 4} Revert Comment BY Delete [¥] Auto-Versioning 


Freedonia 2005/04/12 14:48 - Before format update from v237 to v241 
2005/04/11 22:11 - Before format update from v237 to v241 


Use in conjunction with the LEAP Training 
Exercises. 


Space used=1.06 MB. Free space=25,191MB | 


Use the Manage Areas screen (Main Menu: Area: Manage Areas), to create, delete, and 
organize the data sets (Areas) on your computer. The Manage Areas screen is divided 
into three panes. The table in the top pane shows the areas installed on your computer. 
Below you can view and edit notes associated with each area, and manage the backup 
versions of areas (see below). 


Top Panel 
The top table contains the following columns: 
e Name: the name of the area. 


e Zipped: a checkmark indicating whether the area is currently zipped (i.e. 
compressed into a single "zip" file). You can double-click a checkmark to zip or 
unzip an area. 


e Created By: the user who originally created the area (on older format data sets, 
this will be marked "unknown"). 


e Last Saved By: the user who last saved changes to the area. 


e Last Saved: the date when changes were last saved. 
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Password: the password-protection status of the area: none, required to edit, or 
required to open. 


Toolbar 


The Manage Areas toolbar gives access to a variety of options for managing areas: 


_] New Area: Use this option to create a new Area data set. You can create one 
based only on the default data, or you can create it as a copy of an existing Area. 


d€ Delete: Use this option to delete an area. NB: deleted areas are permanently 
deleted from your hard-disk, and unless previously backed-up, cannot be restored. 


& Rename: Use this option to rename a folder. 


oll Zipped: Use this option to compress an entire area's data files into a single 
"zip" file. Zip files are a standard format file used for archiving data. They can 
compress a LEAP area by 80% or more, helping to conserve disk space on your 
PC, and making it easy to send data sets via email. No additional software is 
required to use zip files with LEAP. However, zip files can also be opened by the 
latest versions of Windows as well as by third party tools such as WinZip 
(http://www.winzip.com). 


21 Copy to... Use this option to make a back-up copy of an area. The area will 
first be archived into a single zip file. You can backup to any drive or folder on 
your PC or on a local area network connected to which you are connected. 


% Restore from... Use this option to restore a previously backed-up data set, or 
to mount an area sent to you by another person. You will be prompted to select 
the name of a zip file. LEAP will check the zip file to ensure that it is a valid 
LEAP Area data set. 


e# Repair: Use this option to check an area data set for errors, including 
corrupted data files and orphaned data. Where possible LEAP will attempt to fix 
these errors. If it cannot it will report the problem to you. If errors cannot be fixed, 
contact the staff of SEI-Boston for assistance. This option will also "pack" the 
data files of your area, removing unused space and compacting the data files. 


2° Change Password: Use this option to add, change or delete passwords for 
protecting access to an area. If an area already has a password, you will be 
prompted to enter the current password, before you can enter as new password. 
Note: for password-protected areas, the delete, repair and rename options require 
that you first enter a password. 


Available Versions 


LEAP saves multiple versions of areas, in case you decide you want to go back to a 
previous version of your data. Backup versions of Areas are automatically created when 


214 


Cost-Benefit Analysis 


the area is saved. Previous versions are placed in the _backup folder and named with the 
area name and the backup date and time. For example, a version of FREEDONIA from 
2.30 PM on March 2, 2005 would be named freedonia_2005_3_2 14 30.zip. 


As versions accumulate, LEAP will selectively and automatically delete some of the 
previous versions saved, balancing the need to keep previous versions, with the need to 
preserve hard disk space. Several versions will be preserved from the previous 24 hours, 
then one per day for the last seven days, then one per week for the last month, then one 
per month for the last year, then one per year before that. Note: LEAP will never 
automatically delete a version for which you have given a comment. You may also 
manually create a version from the Area: Make Version menu option with an optional 
comment. Treat these versions as milestones. For example, once you have finished 
entering the Current Accounts for an area, you might create a version with the comment 
"Current Accounts complete." As another example, suppose you had just finished a 
study and written a paper, you might create a milestone version, with the comment "Data 
set corresponding to March 2005 paper." 


The bottom-right part of the Manage Areas screen lists any available backup versions for 
the area selected in the top table and allows you to manage these backups. The panel has 
its own toolbar containing three options: 


e ‘Revert: This option lets you revert to a previously backed-up version of a data 
set. Use this option with great care as it will overwrite the current version of your 


data set. 


¢ =) Comment: allows you to add a comment to a backup. For example, you may 
wish to mark backups made after important events such as project milestones. 


e &€ Delete: deletes a backup. 


e Auto-Versioning: Use this check box to globally enable or disable the automatic 
creation of versions. We strongly recommend leaving this option enabled. 
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14.11 Open Area 


Use the Open Area option to open a new area to view or edit. In LEAP, you always work 
on one Area at a time. An Area is typically a country, a region or some other bounded 
energy system that you wish to study in LEAP. An area contains one set of Current 
Accounts data (the data describing the base year of your study) and any number of 
alternative future scenarios. 


By default LEAP is installed with one sample Area called Freedonia: a data set 
representing a fictitious country. If you have an Internet connection, you can also 
download additional sample data sets from the Open menu. To do so, select Open from 
Internet (®) LEAP will then try to open a connection to the library of sample Areas on 
the LEAP Internet site. This library of example Areas is being continually updated, so 
check back from time to time to see what is new. 
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14.12 Region Branches 


This screen is only available when your area has more than one region. Use it to show or 
hide tree branches in regions: effectively allowing you to have different tree structures in 
each region. Hidden branches are not included in a region's calculations. You can only 
show and hide Demand, Transformation and Key variable branches. In the demand tree 
you can show and hide category and technology branches. In the Transformation tree 
you can only show or hide complete Transformation modules. 


Use the All button to make all branches visible in a region. Use the None button to hide 
all branches in the region. Use the Expand All and Collapse All buttons to set the tree 
outline level. When you click close and return to the Analysis view the tree will show 
only the selected visible branches in each region. 
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14.13 Basic Parameters 


The Basic Parameters [itereeteiers 


screen 1S used to Scope Years | Defaults | Costing | Calculations | Loads | Stocks | Updates | Backups 


define the _ basic 
settings for your 
analysis. It is divided 


into 


Scope, Years, 
Defaults, Costing, 
Calculations, Loads, 
Stocks, Updates and 
Mapping. 


Scope 


Optional Analyses: 
[V] Transformation & Resources 
(_JAllocate primary energy and Transformation emissions back to Demands 
tabs labeled: 
[V) Statistical Differences & Stock Changes 
Costs 


Energy Sector Environmental Loadings 


Non-Greenhouse Gas Loadings 


Non-energy Sector Environmental Loadings 


Select which 
optional analyses to include in your analysis. At a minimum you must conduct 
energy demand analyses, but the following analyses are all optional: (1) 
Transformation and Resources, (2) base year statistical differences and stock 
changes, (3) costs and (4) energy sector environmental loadings, and (5) non-energy 
sector environmental loadings. Note that statistical differences and stock changes 
can only be included if you also include Transformation and Resource analyses. 


Tip: you can temporarily disable parts of your analysis by unchecking one or more 
of these options in order to speed-up calculations. This will not delete any data, but 
will significantly speed-up LEAP's calculations. For example, you can disable 
Transformation & Resources and Environment calculations while debugging a 
demand analysis. 


Years 
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Use this tab to set the Base Year, End Year and First Scenario Year of your 
analysis. The Base Year corresponds to the first year for which you have data. 


In some cases you might want to specify a time-series of historical data in Current 
Accounts (e.g. using an Interp function) and then have the scenarios start in a later 
year. For example imagine you have historical data for 1980-2000 and you then 
want the scenarios all to run from 2001-2030. In this situation, use the "First 
Scenario Year variable. For this example, the Base Year would be set to 1980, 
and you would set First Scenario Year to 2001. Now, when LEAP gets results for 
scenario years it uses the Current Accounts expressions for the years from the Base 
Year to First Scenario Year-1 (1980-200) and it uses the Scenario expression for the 
years from the First Scenario Year onwards (2001-2030). By default, First scenario 
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year is set to the year after the base year. Note that Growth functions used in 
scenario expressions will be applied to make values grow exponentially from their 
values in the year before the First Scenario Year. 


LEAP performs annual calculations for each year from the Base Year to the End 
Year. Results can be viewed for any or all of these years. You can also optionally 
enter up to 4 default time-series years. These years will be used by default in the 
Time-Series Wizard, when specifying Interpolation, Step function and other time- 
series expressions. 


Tip: to speed-up your calculations when debugging your analyses, you can 
temporarily specify fewer years for your analysis by reducing the end year. This 
will not affect any data you have entered. See also: Tips on Speeding-Up 
Calculations 


Defaults 


Use this tab to set the default values for parameters such as the energy unit, real 
discount rate (%), monetary unit, transport unit and monetary unit base year. The 
monetary unit base year need not be the same as the study base year, however for 
simplicity, we recommend that the two be the same. When setting the default 
energy and monetary units in particular, note that they are defaults only. When 
entering data and viewing results you can easily make use of other units. Note also 
that you can add your own units using the Units screen. 


Costing 


Use this tab to specify the scope of the cost-benefit calculations in LEAP. NB: This 
tab is only visible if Costs are checked on the Scope tab. 


Boundary for Cost-Benefit Calculations: LEAP allows you to specify a costing 
boundary: the Transformation module after which costs associated with energy 
conversion and extraction are no longer counted. Specifying a limited boundary that 
does not encompass all modules, can be very useful for modeling systems in which 
you only have data on the costs of fuels as they are consumed, and you do not have 
data on the costs of upstream technologies such as oil refining and coal mining. For 
example, you might specify the boundary as electricity production. This means: a) 
that LEAP will not consider capital and O&M costs for upstream activities 
(modules) such as oil refining or coal production; and b) that costs will be applied 
to the feedstock fuels delivered to electricity plants (e.g.,. diesel) rather than to the 
resources (e.g. crude oil) from which they are produced. 


You have two basic options: 


1. Full system costing. This approach draws the boundary around the entire Area and 
counts costs for all modules. Fuel costs will be counted in terms of (1) the cost of 
indigenous resources extracted within the area, (2) the costs of imported fuels and 
(3) the revenues from exported fuels. All Demand and Transformation capital and 
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operating and maintenance costs are considered. This approach does NOT include 
the costs of domestically produced secondary fuels (e.g. electricity produced in 
power stations or oil products produced in refineries), thus avoiding double 
counting any benefits that accrue from (for example), saving electricity. 


A drawback of this approach is that it often difficult to effectively capture the 
costs of certain activities such as oil refining or coal mining. Capital and 
operating and maintenance costs of these activities are often difficult to obtain, 
and it is often difficult to determine the economic value of primary resources 
in the ground such as coal and natural gas. Moreover, market prices are 
commonly used reflect costs after resource processing and conversion, such as 
delivered coal or natural gas. 


Restricted costing boundary. To address these issues, you can draw a more 
restricted benefit-cost boundary around your energy system by nominating a 
particular module where the costing boundary is drawn. LEAP then counts the costs 
of all fuels delivered to the system measured up to that point. The costs of fuels 
delivered to the module at the costing boundary will be used (delivered fuel costs), 
rather than the indigenous resource costs, In addition LEAP also counts the costs of 
any fuels imported into the system or any fuels exported from the system, so long as 
those imports or exports occur downstream of the costing boundary. 
Transformation capital and operating and maintenance costs are only counted for 
those modules within the boundary. All demand-side capital and operating and 
maintenance costs, and all environmental externality costs are included, just as in 
the complete system boundary method. 


With this method, you may find that the costs of imports and exports do not 
match up with the physical amounts of fuels imported and exported. For 
example, the reported total costs of importing a fuel may be less (e.g. $4000) 
than the product of the imported fuel cost (e.g. $50/ton) and overall import 
levels (e.g. 100 tons). This is because some imports (e.g. 20 tons) may occur 
outside the costing boundary. 


Include Environmental Externality Costs: Check this box to select whether or 
not to include externality costs in your costing results. Externality costs for different 
pollutants are entered on the Effects screen. 


Calculations 
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Use this tab to set various calculation settings. In most cases you will not need to 
change any settings on this tab. 


e Calculation Iterations: Use these options to set the maximum number of 
iterations and the convergence criteria for Transformation 
calculations. Transformation calculations will iterate to allow for 
"feedback" energy flows. For more information refer to Calculation of 
Systems with Feedback Flows. After each iteration, residual requirements 
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are left over (the requirements for fuels consumed in the lower modules but 
produced by the higher modules). To properly account for these 
requirements, these residual requirements are added to the original energy 
demands and the calculation is repeated. This repeats until the change in all 
residuals is less than the specified fraction of the total residuals for all 
fuels (by default 0.1%), or until the residuals are less than the specified 
absolute amount (by default 10 GJ), or until the maximum number of 
iterations is reached (in which case the calculation is deemed to have failed. 
Typically, setting larger convergence criteria will result in fewer calculation 
iterations but a less precise solution. Note that there is no guarantee that all 
energy systems will converge, particularly if the feedback flows are a large 
fraction of total energy flows. 


Allow Lagged Results in Expressions: You can optionally create 
expressions that reference lagged values created during LEAP's calculations. 
Any calculated results can be referenced lagged by one year. Enabling this 
option will cause slower calculations, so if you do not require lagged results 
leave this option unchecked for faster calculations. 


Loads 


Use this tab to specify whether electric (and other) load shapes are entered exogenously 
(at each electric sector Transformation module), or whether they are calculated 
endogenously by summing across the load shapes specified for individual demand 
device. If you want to model seasonal or time of day variations in electric power plant 
dispatch you will need to model load shapes endogenously. For more information, refer 
to the Time Slices topic. 


14.13.2 


Stocks 


This tab is only relevant if you are conducting transport (@) or stock turnover (@) 
analyses. It contains two check boxes as follows: 


e Top-down Sales and Stock Data: Stock and sales data can entered in one of two 


ways: 


O 


Bottom-Up: in which you enter data for each individual technology. With 
this approach, you will only be able to see total stocks and sales for higher 
level aggregation categories in the Results View. 


Top-Down: in which you enter total sales and stocks at the top level 
branches and then enter shares of stocks and sales in lower level branches. 
This approach is generally preferable because it allows you to examine the 
trends in total sales separately from the trends in shares of different 
technologies. For example, you may have one set of assumptions for the 
growth in total sales of vehicles, and have several alternate scenarios for the 
penetration of different types of vehicle technologies. 
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e Save Vintage data: check this box if you wish to see stock results 
disaggregated by the vintage of devices. For example, you may wish to know 
how the total stock of vehicles in some future year is divided among vehicles 
originally sold in earlier years. Checking this box provide extra information in 
the Results view, but will also slow down calculations and reporting. 


14.13.3 Updates 


Use this tab to configure your Internet connection settings. These settings are 
primarily used by LEAP when it attempts to check for and download updates over 
the Internet (the Help: Check On Internet for Updates option). There are two main 
options: 


e Passive FTP: You can use either passive or standard FTP. In most cases 
the default setting (passive FTP) is recommended. 


e Proxy Settings: All other settings are used to set-up a connection to a 
proxy server. By default this is disabled. Typically, this is only needed by 
users who access the Internet via a local area network (e.g. in a university 
or some other large organization). Contact your network administrator to 
obtain the settings for your network. NB: this feature is 
experimental. Please contact SEI-Boston if you have problems with it. 


14.13.4 Mapping 
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This tab is only available if you have first installed the optional mapping 
components for LEAP and your LEAP area has more than one region. 


Use this tab to associate your LEAP area with a GIS "shape" file. You will also 
need to select the field in the shape file that contains the labels to be displayed on 
the map. Shape files are a standard mapping file format used in ArcView and other 
GIS systems. Most mapping software is capable of generating and reading shape 
files and a set of sample shape files is installed on your PC when you install the 
mapping components for LEAP. By default, these sample shape files are installed 
in a folder named "_MAPS" immediately below the LEAP program folder. The 
samples include a world map divided into different countries (country.shp). 


You can also optionally nominate an image file to use as a background for the 
map. LEAP supports various standard GIS image files such as ".SID", ".GIS" and 
"LAN" image files. 


Once you have selected a shape file and label field on this screen, you will then 
need to go to the General: Regions screen to establish the links between the regions 
in your LEAP area and the shapes in the GIS map. Each LEAP region can be 
mapped to one and only one GIS shape, so you will need to choose a GIS shape file 
that has the same level of regional disaggregation as your LEAP area. For example, 
if the regions in your area correspond to countries, then you will need a GIS shape 
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file that is also broken down by country. If your LEAP regions correspond to 
regions within a country you will need a more disaggregate shape file. 
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14.14 Fuels 


Fuels Edit 


Show:|Fuels Used in Area v| o> = 4) QW Find: sir Aaa 


AllFuels | One Fuel 


Net Energy Content Lower/Higher 
Name State Type Grouping ee deal 


Eneray Units Per Physical Unit Ratio 


| Charcoal Solid Secondary Fuel Biomass 28.8800 Gigajoule Tonne 0.900 
iCoal (bituminous) Solid Fossil Resource Solid Fuels 29.3100 Gigajoule = Tonne 0.950 
Liquid Fossil Resource Crude Oil 41.8700 Gigajoule Tonne 0.950 
Liquid Secondary Fuel Oil Products 43.3300 Gigajoule Tonne 0.950 
Energy _—_ Electricity Electricity 1.0000 Gigajoule Gigajoule 1.000 
Liquid Secondary Fuel Oil Products 44.8000 Gigajoule Tonne 0.950 
Energy Renewable Reso... Hydropower 1.0000 Gigajoule Gigajoule 1.000 
|Kerosene Liquid Secondary Fuel Oil Products 44.7500 Gigajoule Tonne 0.950 
|LPG Liquid Secondary Fuel Oil Products 47.3100 Gigajoule Tonne 0.950 
|Natural Gas Gas Fossil Resource Natural Gas 34.2000 Megajoule Cubic Meter 0.900 


oooooocorsao 


{<2 id} 


Notess Re ferences: 

Coal is generally classified according to rank. Rank classifications are 45) [Author (Year) 

based on a coal's content of fixed carbon, volatile carbon compounds, = || Leach and Gowen (1987) 
water, and ash, its heating value, and its coking properties. In the — >| 

iar || Schmidt, R. (1979) 

coalification process, coal first takes the form of peat, then progresses ‘| ORNL (1989) 

through lignite (brown coal), bituminous (soft coal), and finally to anthracite ; 

(hard coal) and graphite. i 


& (+O: 


Bituminous Coal - A soft coal, high in carbonaceous matter having a 
volatility reater than anthracite and a caloric value greater than lignite. In ¥) | 


~ 


The fuels screen is the place where you can view or edit the list of fuels used in your 
LEAP analysis. The screen displays a wide range of data about the energy content, 
density, carbon content, and chemical composition of each fuel and also includes detailed 
definitional notes and references for the included data (in the bottom two panes of the 
screen). 


The default data provided with LEAP includes a standard fuels database based on IEA, 
UN and other standard international sources of data. This data should suffice for most 
LEAP analyses. However, you may wish to edit the data, for example to change the 
energy contents of certain fuels (especially coal and wood) to reflect the conditions in the 
Area you are studying. You may also wish to change the names of fuels to reflect the 
language in which your analysis will be conducted. 


Some of the data fields in the fuels screen are worth describing in more detail: 


e State: the chemical state of the fuel (solid, liquid, gas or energy). This field can 
only be edited when adding a new fuel. 


e Fuel Type: Each fuel is classified into one of five types: fossil resource, 
renewable resource, biomass resource, secondary fuel, and electricity (a special 
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type of secondary fuel). LEAP uses these classifications to determine how each 
fuel should be handled in your analysis. 


Fuel Category: When producing energy balances and other reports, it is 
sometimes useful to be able to show results aggregated across certain types of 
fuels (for example, showing all oil products rather than each individual product). 
To allow for this, LEAP allows you to assign a fuel category to each fuel. You 
can change the chosen category by editing the data in the Fuels screen. To change 
the list of Fuel Categories, go to the Fuel Categories screen (Main Menu: General: 
Fuel Categories) 


Net Energy Content: Energy contents are always net (lower heating values) in 
LEAP. The default energy contents are typical values and conform to official IEA 
figures wherever possible. Energy content values are entered in a chosen energy 
unit per physical unit of the fuel. Pure energy forms (electricity and heat) should 
always have an energy content of 1 GJ/GJ by definition. When entering energy 
contents for coal (which varies widely from country to country), refer to the notes 
for each fuel for guidance on average values for selected countries. 


Chemical Composition Columns (Density, % Carbon, %Sulfur, % Nitrogen, 
etc.): Environmental emissions associated with energy production and 
consumption often depend on the physical and chemical composition of the fuel 
involved. In TED, you can optionally choose to enter emissions coefficients 
dependent on fuel compositions. This can be useful, for example, when you are 
entering data describing CO 2 emissions from coal fired electricity generating 
plants. For this type of data the actual emissions will not simply depend on the 
quantity of coal consumed by the plant, but will also depend on the carbon 
content of the coal. By editing the fuel compositions shown here to more 
accurately reflect the compositions of the fuels used in the area you are studying, 
you can more accurately calculate the total emissions loadings of your scenarios, 
often without the need to create new entries in TED). 


Carbon Stored When Fuel Consumed for Non Energy Purposes (%): 
Indicates the fraction of the carbon in the fuel (by weight) that remains 
permanently stored when the fuel is used for non-energy purposes. This variable 
is used in conjunction with the non-energy fraction variable in an energy demand 
analysis. 


By default, the fuels screen is filtered to display only those fuels currently being used in 
your area. To see the full list of fuels, choose Show: All Fuels. Use the Find box to 
quickly locate a fuel by name. You can also sort the display of fuels by name, state, type 
and category by clicking on the appropriate column title. 


Use the Add (48) button to add a new fuel and the Delete button (™) to delete a fuel. 
Note however, that you cannot delete any fuels already in use in your analysis or in use in 
the TED database. It is recommended that you do not delete fuels in the Fuels database. 
Click the 2] button to export the fuels database to Microsoft Excel. 
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14.15 Fuel Groupings 


When producing energy balances and other 
reports, it is sometimes useful to be able to show 
results aggregated across certain types of fuels 
(for example, showing all oil products rather 
than each individual product). To allow for this, 
LEAP allows you to assign a grouping to each 
fuel. 


Use the Add (SF) button to add a new grouping 
and the Delete button (™) to delete a grouping. 
Note that you will not be allowed to delete any 
groupings currently assigned to a fuel in your 
area. You may also wish to reorder the list using 
the Up (‘) and Down (‘®) buttons, in order to 
reflect the order that these groups appear in your 
country's energy balance. 
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vn] 
=| 
Natural Gas 
Crude Oil 

Hydropower 

Renewables 

Nuclear 

Biomass 


Electricity 
Oil Products 
Heat 
Alcohol 
Other fuels 
Non Energy 
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14.16 Regions 


eo Regions 


Region Inherit Expressions 


—s Grouping for this Region from: 


United States 


Other Pacific OECD 
Russia 

Other FSU 

China 


North America 
North America 
Western Europe 
Western Europe 
Western Europe 
Western Europe 
Western Europe 
Pacific OECD 

Pacific OECD 
Former Soviet Union 
Former Soviet Union 
Centrally Planned Asia 


Other Centrally Planned Asia Centrally Planned Asia 


India 
Other Other Asia 


Other Asia 
Other Asia 


United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 


Egypt Middle East and North Africa United States 
Other Middle East Middle East and North Africa United States 
South Africa Sub Saharan Africa United States 
Other Southern Africa Sub Saharan Africa United States 
Brazil Latin America United States 
Other Latin America Latin America United States 
Hungary Central and Eastern Europe United States 
Other Central and Eastern E.Central and Eastern Europe United States 
v 


Tm 


LEAP allows you to specify multiple regions within an area. So for example, if you are 
doing a regional analysis then each region might be one country, or if you are doing a 
country-level analysis then each region might be a different state or province. 


Each region is a separate data dimension, so you can specify different data for each 
region and view results either for one region or summed across regions. The Region 
Groupings screen lets you specify groups of regions for reporting purposes. So for 
example, if you create a global analysis, you could specify each region as a country and 
then specify regional groupings for Europe, North America, Africa, Latin America, Asia, 
etc. 


In addition to allowing you to enter different data for each region, the regions feature also 
allows regions to inherit expressions from one region to another for a given 
branch/variable/scenario expression. So for example, you might specify that region 
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"South" inherits expressions from region "North". In this case you only need to enter 
data for region South where it differs from region North. This can greatly simplify data 
entry and model management. 


Both the region and region grouping features are optional. If your data set contains only 
one region (which is true of any data set created in older versions of LEAP), then 
regional dimensions will not appear in the results or energy balance reporting views. 


Use the regions screen to view and edit the list of regions in your area, to specify how 
expressions in one region are inherited by the same branch/Vvariable/scenario combination 
in another region, and to specify the regional groupings associated with each region. 


Click the “button to add a new region. Click the button to delete a region. Bear in 
mind that this will erase all of the data associated with a region. Click the “ and & 
buttons to change the display ordering of regions. To rename a region, simply edit its 
name. 


14.16.1 Connecting LEAP to a GIS Shape File 


In addition to using charts and tables to display results, in multi-regional data sets you 
can also optionally display LEAP results on a color code GIS (Geographical Information 
System) map. 


Maps are only available if certain conditions are met: 
1. You have installed LEAP's optional mapping components. 
2. You are working on a multi-region area (i.e. one with more than one region). 
3. You have chosen a GIS "shape" file in the General: Basic Parameters: Mapping 
screen. 


If the above conditions are met, an additional column of data will be displayed in the 
Regions screen with which you can map each region in your area to a shape in the 
selected GIS shape file. Each LEAP region can be mapped to one and only one GIS 
shape, so you will need to choose a GIS shape file that has the same level of regional 
disaggregation as your LEAP area. 


Use the Guess Blank GIS Mappings button at the foot of the Regions screen to have 


LEAP attempt to guess the LEAP-to-Shape File mappings by matching the names used in 
LEAP to those used in the GIS shape file. 
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14.17 Region Groupings 


The Region Groupings screen lets you specify 
groups of regions for reporting purposes. So for 
example, if you create a global analysis, you 
could specify each region as a country and then 
specify regional groupings for Europe, North 
America, Africa, Latin America, Asia, etc. 


Results can be displayed grouped by region or 
by region grouping. 


Cost-Benefit Analysis 


Name “a 
North America 


Western Europe 

Pacific OECD 

Latin America 

Former Soviet Union 

Central and Eastern Europe 
Centrally Planned Asia 
Other Asia 

Middle East and North Africa 
Sub Saharan Africa 


2 Region Groupings ( \feyrx) 
zal 


de 


vy 
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14.18 Effects 


@ Effects 

Effects Edit 

rea] PK PYRE 
AllEffects | One Effect 


Effect Abbrev Effect Measurement Global Warring Potential (tCOZE/t) 


Name -jation Category Unit 100 Year 500 Year 
Integration Integration 


Carbon Dioxide Biogenic C02 BIO GHGs and local air pollutants Tonne 

Carbon Dioxide Non Biogenic CO2 Non-Bio GHGs and local air pollutants Tonne 

Carbon Monoxide GHGs and local air pollutants Kilogramme 
Methane GHGs and local air pollutants Kilogramme 
Nitrogen Oxides NOx GHGs and local air pollutants Kilogramme 
Nitrous Oxide GHGs and local air pollutants + Kilogramme 
Non Methane Volatile Organi... NAVOC GHGs and local air pollutants Kilogramme 
Particulates PM10 PM10 GHGs and local air pollutants Kilogramme 
Sulfur Dioxide so2 GHGs and local air pollutants Kilogramme 


Noteson: _Nitrous Oxide 

Nitrous oxide (N20) is a very powerful greenhouse gas (on a weight 
basis) but, as indicated above, although the quantities emitted are 
|subject to large uncertainty, they appear to be a small (but highly variable) 
fraction of total nitrogen oxide emissions. The process of N:0 formation 
\during and after combustion is still poorly understood. Unlike the other 
nitrogen oxides, nitrous oxide has a lifetime in the atmosphere of 
lapproximately 150 years (USEPA, 1990c). ; Click + to add a reference. 


Arecent systematic error in the measurement of nitrous oxide emissions 
has left the actual magnitude of N20 emission factors in some doubt. 

Until about 1988, measurements of nitrous oxide, or N20 —an important 
greenhouse gas — were made by taking grab samples from the exhaust ¥ 


The effects screen is the place where you view or edit data on different environmental 
effects (i.e. pollutants and other direct environmental impacts). LEAP includes a default 
set of data on over 40 different effects, including documentation on the nature of each 
effect, information based on A Guide to Environmental Analysis for Energy Planners 
(Lazarus et. al., 1997). 


While the effects database will suffice for most analytical requirements, you may wish to 
edit it to add your own pollutants, to change the name of existing pollutants, to edit the 
factors used for the global warming potential of greenhouse gas pollutants, or to specify 
externality costs for certain pollutants (for inclusion in your cost-benefit calculations). 


Use the Add (5#) button to add a new effect and the Delete button (=) to delete an effect. 
Note that, when adding an effect you will be shown a view with one effect at a time 
rather than the default view showing all effects on a single table. You can also switch 
between these two views by clicking on the one effect/all effects tabs at the top of the 
Effects screen. 


e Global Warming Potential: By default, LEAP uses the most up-to-date global 
warming potential (GWP) factors recommended by the IPCC (Intergovernmental 
Panel on Climate Change, 2001). GWP factors are specified for both a 100 year 
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and a 500 year time horizon, and you can switch between these two sets of GWPs 
in the Results view. Based on the time horizon you select, LEAP uses different 
sets of global warming potentials for the non-CO2 gases that reflect the relative 
potential of the gas over each period. For example, methane has a 100 year GWP 
of 23, but a 500 year GWP of only 7. Since GWPs are always expressed relative 
to carbon dioxide, the GWP of Carbon Dioxide is set to 1.0 for both the 100 year 
and 500 year time horizons. LEAP contains data on the GWPs for carbon 
dioxide, methane, nitrous oxide and the most common non-energy sector gases 
with high GWPs (SF6, CFCs, HCFCs and HFCs). 


e Externality Costs: You can enter externality costs for each effect representing 
abatement, damage, or other cost estimation methods. These costs can then be 
included in LEAP's cost-benefit calculations. To include these costs in your cost- 
benefit calculations make sure you enter a checkmark on the "Include 
Environmental Externality Costs" question, on the Costing tab of the Basic 
Parameters screen (Main Menu: General: Basic Parameters). 


It is important to recognize that there is no single correct effect externality costs. 
Not only will the cost be site specific (i.e. the same level of pollutants will have 
different impact costs depending on where they are released), but also any cost will 
be dependent on how it is defined (e.g. as an abatement or damage cost). It is 
important to recognize that any values are subjective (e.g. the costs placed on an 
injury). Nevertheless, this feature allows you to see the impacts on conventional 
benefit-cost analysis of judgments, which often are left implicit in energy planning 
exercises. 


NB: In LEAP, you cannot examine indirect impacts from pollution emissions since 
LEAP does not include tools for analyzing issues such as pollution transport, exposure 
and dose/response effects, you can only examine emissions and other direct impacts. If 
you want to examine these type of issues additional tools will be required. 
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14.19 Units 


This option provides access 
to the Units database. LEAP 
includes a wide range of 
units for most classes of 
data, including data 
denominated by _ energy, 
power, mass, volume, length 
and currency units. The 
default units database 
provided with LEAP should 
suffice for most analyses. 


In rare circumstances you 
may wish to edit some of 
the unit conversion 


U Units 


Units: Energy v| dp Add 


Name Abbrev Conversion F... 


Giggjoule CGY 1.0000E+0 G) = 


Tonne of Oil Equivalent TOE 4.1868E+1 GJ = 
Tonne of Coal Equivalent TCE 2.9308E+1 GJ = 
Kilowatt-Hour kW-hr 3.6000E-3 GJ = 
Gigawatt-Hour GW-hr 3.6000E+3 GJ = 
British Thermal Unit Btu 1.0540E-6 GJ = 
Kilocalorie kcal 4.1868E-6 GJ = 
Megawatt-Hour MW-hr 3.6000E+0 GJ = 
Barrel of Oil Equivalent BOE 5.8147E+0 GJ = 
Therm therm 1.0540E-1 GJ = 

Quad 1.0540E+9 GJ = 

Tj 1.0000E+3 GJ = 


? Help 


definitions in LEAP, or add your own units. Most commonly you may wish to add to or 
update the currency units stored in LEAP, or add additional units to the "Other Units” list 
for use with the Activity Levels in your Demand analysis. 


Click on the Units Class selection box to display different classes of units (mass, volume, 
energy, power, area, length, currency, and "other"). Use the Add (5) button to add a new 
unit and the Delete button (™) to delete a unit. To avoid errors, the most common units 


cannot be changed. 


Note that the last class of units called "Other Units" do not have conversion factors 
associated with them, since they are never converted to other units of a similar class. 
These units are only used in Demand Activity Level screens. 
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14.20 References 


— References 


References Edit 
Show: => WD [x] Import [x] Empot - 7 
| allReferences | One Reference 


Short Author |Heaps, Kemp-Benedict and Raskin 
Year 1998 | a 
fannie | Heaps, C., E. Kemp-Benedict and P. Raskin. 
Conventional Worlds: Technical Description of Bending the Curve email 


‘Stockholm Environment Institute, Stockholm, Sweden 


| 


‘http://www.gsg.org/btctech.pdf : 


Notes on: Heaps, Kemp-Benedict and Raskin (1998) 
‘PoleStar Series Report no. 9. 


Reference: 41/97 


The references screen is a bibliographic reference database for storing your references. It 
can be linked to the notes you create in the Analysis View, to the Technology data you 
create in TED as well as to the list of Fuels, and Effects. 


The References database includes all of the normal fields of a standard bibliographic 
database (Author, Title, Date, ISBN, Publisher) as well as a URL for locating the actual 
report on the Internet (if appropriate). When viewing URLs, click the "..." button to 
automatically open your Internet browser and view the relevant web site. The notes field 
can be used to describe additional information about the reference. 


Use the Add (4) button to add a new Reference and the Delete button (=) to delete a 
Reference. Note that, when adding a Reference you will be shown a view with one 
Reference shown at a time rather than the default view showing all References on a 
single table. You can also switch between these two views by clicking on the one/all tabs 
at the top of the screen. Click the 8] buttons to import or export the References database 
to and from Microsoft Excel. 
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14.21 Lifecycle Profiles 


Lifecycle Profiles: 5/5 
db Add Profile = Delete Profile “f! Rename Profile 4h [38] Export [38] Export All [38] Import ‘38 5°8 


Profile |*| [Preview | Notes | 


Vehicle Survival: V[t] = V[t-1] x Exp(t x -0.0067) 


Constant 
LDV Emissions Degradation 
i 100 


Curve: Exponential v 
Constant:| -0.0067 |} | 


Year 


Value (%) 


0 
1 
2 
3 
4 
5 
6 
T/ 
8 
9 
0 


= 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
Age of Technology (Years) 


Lifecycle Profiles are used as a centralized way of describing technological behavior 
profiles and age distributions for stocks of devices across different yearly vintages. For 
example, one lifecycle profile might be used to describe how the fuel economy of a given 
type of vehicle worsens as the vehicle ages, another might be used to describe how the 
emissions of pollutants per unit of energy consumed or per unit of distance travelled 
increase as vehicles age. 


Lifecycle profiles fall into two categories: 


e Aging Profiles describe how a variable changes over time as devices age. These 
profiles are used in conjunction with a LEAP expression that describes how the 
characteristics for a new device (fuel economy, emission factors, vehicle mileage, 
etc.) change over time in any given scenario. The profile is used to describe how a 
characteristic behaves as a given vintage of devices age. These types of profiles 
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are defined as a percentage value relative to the value of the variable for a brand 
new device. Thus, the first year value for this type of profile is always 100%. 


e Distribution Profiles describe the distribution of vintages within a given overall 
stock of devices. They are only used when specifying stocks of devices in Current 
Accounts. 


Use the General: Lifecycle Profiles menu option to view and edit a library of different 
lifecycle profiles for your Area. The screen is structured as two panes. On the left you see 
a list of profile names and the annual values associated with one selected profile. On the 
right you see a screen which previews those values. The right-hand-side of the screen can 
also be used to enter notes documenting the data and assumptions used to create the 
profile. Click on the Notes tab to enter or view notes for the profile 


You can create any number of profiles. Click the {F and = buttons to add or deleted 
profiles, and the {button to rename a profile. Click the Excel buttons (3) to buttons to 
export one or all profiles or import a profile from an Excel spreadsheet. When importing 
a profile from Excel first mark and name a range of cells in Excel. The range must be 
either a single column or a single row or cells. LEAP assumes the range represents a 
contiguous set of values from year zero onwards. 


The values for any given profile can be edited in one of two ways. Click on the Curve 
selection box, then choose whether you wish to enter Data Points via the keyboard, or 
specify an Exponential curve. In the former case you will be able to enter data in the 
table on the left of the screen, while in the latter case you will be able to specify the value 
of the Constant exponent of the curve. The curve itself will then be calculated according 
to the formula: 


V[t] = V[t-1] x Exp(t * Constant) 


Use the *60 and *“0 buttons to change the number of decimal places displayed in the table, 
and when specifying data points,you can use the “Fand = buttons to add or delete values. 
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14.22 Load Shapes 


Load Shapes: Day Peak: 3/4 
dp Add = Delete “Rename ~ 4 [38] Export [38] Export All [38] Import ‘39 5°53 
|~ Preview | Notes 


Allow dragging of values? 


Day Peak 


0 Winter Day 

1 Winter Night 
2 Spring Day 

3 Spring Night 
4 Summer Day 
5 Summer Night 
6 Autumn Day 
7 Autumn Night 


Fraction of Annual Energy Demand (%) 
ouSb GBRSRSES 


1 2 3 4 5 6 7 
Time Slice 


Total=100.0 ¥ 


race tl 0% 


The load shapes screen is used to view and edit a library of different load shapes that can 
be used to specify how annual electric and other demands vary by season and time of day 
for different demand devices. You can create any number of load shapes. The load 
shapes screen is only enabled if you have set your area to use endogenous load 
shapes. This is done on the loads tab of the General: Basic Parameters screen. For more 
information on setting-up an area to use endogenous load shapes, please see the Time 
Slices help topic. 


Each load shape is specified by entering the percentage fraction of annual energy demand 
that occurs in each slice of the year. Use the General: Time Slices screen to specify how 
a year is subdivided into different time slices. These fractions must sum to 100% for 
each load shape. You can specify any number of different load shapes. Later you will 
assign these to different demand devices from the Final energy intensity tab, shown for 
Demand branches in the Analysis View. 


Click the add button (SF) to add a new load shape. Click the delete button (™) to delete a 
load shape. Click the rename button (a) to delete a load shape. Click on the up (‘ty 
and down (“) buttons to reorder load shapes. Click on the Excel buttons (3) to export 
one or all load shapes to an Excel worksheet. Click the ‘éoand *-8buttons to increase or 
decrease the number of decimal places shown in the data entry table.. Click the Time 
slices button (2) to view or edit the Time Slices data. 
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Time slices are the seasonal and 
time of day divisions into which 
annual electric and other loads 
can be divided. For example, 
electric device loads might be 
divided both by season (summer, 
winter, spring and autumn) and 
by time of day (week day, week 
night weekend day, weekend 
night). LEAP only makes use of 
these time slices if you choose to 
model load shapes 
endogenously. By default, load 
shapes are specified exogenously 
for the overall system load curve 
as a sorted load curve from zero 
to 8760 hours (the number of 
hours in a year). This approach 
does not allow for explicit 
modeling of seasonal or time of 
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Time Slices 


Time cae 
Slice 
0 
1 Winter Night 
2 Spring Day 
3 Spring Night 
4 Summer Day 
5 Summer Night 
6 Autumn Day 
7 Autumn Night 


Total=8, 760 


a 


v 


Hours must sum to 8760 (the hours in a year) 


day variation in the load or in how electric power plants are dispatched. If you want to 
model seasonal or time of day variations in electric power plant dispatch you will need to 
model the load shape endogenously by specifying the load profile for each electric sector 


device. 


To set up endogenous modelling of electric sector load shapes you need to do the 


following: 


1. On the General: Basic Parameters screen (4), click the "loads" tab and select 


the Endogenous radio button. NB: the time slices screen is only enabled if 
Endogenous loads are selected. 


On the General: Time slices screen (2), review the list of time slices for your 
area. By default the time slices reflect both a seasonal and time of day division of 
the hours in a year. You can edit these time slices to better reflect the conditions 
in your area of study. For each time slice you must specify the number of hours 
it takes per year. The sum of hours across all time slices must equal 8760: the 
number of hours in a year. If you believe that your electric power plants have 
different availability factors or are dispatched differently in different seasons of 
the year then you will also need to assign different dispatch periods to each time 
slice. By default, LEAP uses a single dispatch period, but you can specify up to 
four. Later, in the Transformation modules where you simulate electric sector 
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power plant dispatch, you will be asked to specify merit orders and maximum 
capacity factors (availability) for your processes for each dispatch period. 


On the General: Load Shapes screen (LY) you can enter or edit different load 
shape profiles that reflect the shape of different types of loads in your system. For 
example, some devices may operate primarily in the summer (e.g. air 
conditioning) while others operate predominantly in the winter. You can specify 
load shapes for individual devices or enter average shapes that apply across a 
whole sector: bear in mind though that these average load shapes are likely to 
change in the future depending on how a sector evolves. 


In the technology branches of the demand tree (%#) select a load shape for each 
demand device. This must be specified on the Final Energy Intensity tab and 
can only be set when editing Current Accounts. Note that demand devices must 
have the same load shape in all scenarios. 


. Later, in the Transformation modules where electric sector power plants are 


specified, you will be asked to specify rules for the dispatch of the listed power 
plants. 


Click on the up (‘) and down (‘#) buttons to reorder time slices. Click on the add 
button (45) to add a new time slice. Click on the delete button (=) to delete the time 
slice. There is no particular limit to the number of time slices you can specify. 
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In addition to _ referencing 
variables (values that can change 
over time and between scenarios), 
your expressions can also 
reference the values of constants 
(including your own user-defined 
constants). A default set of 
constants are included that define 
various molecular weight 
constants. These are particularly 
useful in defining emission 
factors. 


Use the Constants screen to view 
and edit the names and values of 
constants. Use the § and = 
buttons to add and _ deleted 
constants, and use the “60 and +°0 
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Constants 


buttons to change the number of decimal places displayed on screen. Note that the basic 
molecular weight constants are locked and cannot be deleted. 
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14.25 Calculation Checksums 


Calculation Checksums 


v | Alert if calculations differ from checksums by:|1.0| % 


Final Primary 
Demand Requirements Scale Units 
Checksum Checksum 


198.43 Million Gigajoule 
16.95 17.21 Million Gigajoule 
240.11 164.90 Million Gigajoule 
13.74 9.44 Million Gigajoule 
182.65 302.97 Million Gigajoule 
49.42 35.24 Million Gigajoule 
16.40 11.26 Million Gigajoule 
251.45 Million Gigajoule 

12.96 531.52 Million Gigajoule 
41.38 105.38 Million Gigajoule 
12.80 0.00 Million Gigajoule 

11.90 Million Gigajoule % 


Note: leave values blank if you do not want to enter a checksum. 
fu 


Checksums can be an important tool for debugging your analyses. You can optionally 
define checksums for two categories of results: the total final demand and/or the total 
primary requirements of fuels in a particular year and scenario. During LEAP 
calculations, these checksums will be compared to the calculated demand or primary 
requirements, and where the discrepancy is greater than the allowed percentage, a 
diagnostic message will be shown. Diagnostic messages are displayed as an additional 
tab on the Results View (alongside the Chart and Table tabs). When no diagnostic 
messages exist, the Diagnostics tab is not visible. For more information, see Diagnostics. 


There are two basic methods for entering checksums. Either you can add them manually 
on this screen, or you automatically save a complete set of checksums from within the 
Results View (select menu option Area: Create Checksums). We suggest that once you 
have a fully completed scenario, you create a set of checksums for it using this option. In 
this way, any subsequent accidental changes to the scenario can be immediately 
identified, whenever results are recalculated. 


When entering checksums manually, use the scenario selection box to first pick a 
scenario, then use the Add (“F) button to add a new checksum the Delete button (=) to 
delete a checksum. When adding a checksum you will be asked to select the fuel and year 
for which you wish to enter the data. If you wish to specify the checksum for only one of 
the two categories, simply leave the other one blank. 
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User Variables 


* User Variables 


dp Add = Delete “f! Rename 


Name Description 


Device Size 


Values (blank if none) ie 


Available at 


Branch Types: Enabled? Scale Units 


Minimum Maximum 


Device Size Demand Liters 0.00 


Labor Input Labor Input Demand People 0.00| 


vv 


You can define up to 10 variables of your own, in addition to those defined by LEAP. ? Help 


In addition to the many variables defined by LEAP, you can also create up to 10 of your 
own User Variables. Once defined on this screen the variable will be added as a tab in 
the data entry screens of the Analysis View. You can specify data for each variable in 
Current Accounts and any scenario. User Variables are currently only available for use 
in the intermediate calculations of the Analysis View. They cannot be reported in the 
Result Views, Energy Balance, Outlooks or Summary View. However, you may refer to 
these variables just as you would any other variables in the Analysis View, and the values 
of the variables can be specified using all of the same expressions available to other 
LEAP variables. 


Each user-defined variable has the following information associated with it: 


Name: the label that appears on the Analysis View tab associated with the 
variable. 


Description: a longer description of the variable, that will be displayed in a panel 
whenever the variable is being edited. 


Available at Branch Types: Set the types of tree branches at which each 
variable is available: Demand, Transformation, Environment, Resources, 
Statistical Differences, Stock Changes. You can also select All Branches if you 
wish the variable to be available for all branches in the tree. 


Enabled: Use this checkbox to temporarily disable a variable. If disabled, the 
variable (tab) will not appear in the Analysis view. 


Scale/Units: The scaling factor and units in which the variable is 
measured. Note that these data are for information only. Expressions that relate 
the value of one variable to another do not make use of scaling factors, nor do 
they attempt to convert units. 


Minimum/Maximum Values: Use these columns to set minimum and maximum 
values for variables. When editing data, expressions will be tested to ensure they 
remain within any specified minimum and maximum constraints. Leave these 
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fields blank if you do not want to specify minimum or maximum values for a 
variable. 


Note: in addition to defining your own User Variables you can also create variables 
under the Key Assumptions category on the tree. 
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15 Cost-Benefit Analysis 


You can use LEAP to perform integrated social cost-benefit analysis on the scenarios you 
create. The Cost Summary View is the main tool for cost-benefit comparisons of 
scenarios. 


LEAP's cost-benefit analysis calculates the costs of each part of the energy system: the 
capital and operating maintenance costs of purchasing and using the technologies in the 
Demand and Transformation systems; the costs of extracting primary resources and 
importing fuels and the benefits from exporting fuels. In addition you can also optionally 
broaden the scope of your cost-benefit calculations to examine environmental 
externalities, by assigning costs to the emission of pollutants and any other direct social 
and environmental impacts of the energy system. 


When comparing scenarios, it is important that only those scenarios with similar 
economic assumptions be compared. For example, it would be inappropriate to compare 
two scenarios with different population or GNP growth rates, since those factors are not 
part of the energy policies being considered. 


Cost-benefit analysis is based on the social costs of resources, not the final prices of 
energy to the consumer. Cost-benefit analysis centers on the costs (sometimes called the 
"opportunity costs") to society of a given set of actions. It does not take the perspective of 
a particular consumer or producer. Social costs and prices need not be the same. For 
example, electricity prices may differ from the costs of producing electricity, due to 
subsidies, transfer payments and market distortions. 


Cost-benefit analysis in LEAP is not intended to provide an analysis of financial viability. 
Instead, it helps identify a range of socially-acceptable policy scenarios. Detailed 
financial analysis can then be carried out to identify which scenarios are also financially 
acceptable. 


To provide flexibility in how a cost-benefit analysis is conducted, LEAP allows you to 
specify a costing boundary: the Transformation module after which costs associated with 
energy conversion and extraction are no longer counted. Specifying a limited boundary 
that does not encompass all modules, can be very useful for modeling systems in which 
you only have data on the costs of fuels as they are consumed, and you do not have data 
on the costs of upstream technologies such as oil refining and coal mining. For example, 
you might specify the boundary as electricity production. This means: a) that LEAP will 
not consider capital and O&M costs for upstream activities (modules) such as oil refining 
or coal production; and b) that costs will be applied to the feedstock fuels delivered to 
electricity plants (e.g.,. diesel) rather than to the resources (e.g. crude oil) from which 
they are produced. For more information on setting-up costing boundaries, see the Basic 
Parameters screen. 


15.1 Cost Calculations 


See also: Demand Costs, Transformation Costs, Cost-Benefit Analysis 
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LEAP performs cost-benefit calculations 
from a societal perspective by counting 
up all of the costs in the energy system 
and then comparing the costs of any two 
scenarios. LEAP can include all of the 
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Demand 


(costs of saved energy, 
device costs, other non-fuel 


following cost elements: costs) 


e Demand costs (expressed as total 
costs, costs per activity, or costs 
of saving energy relative to some 
scenario). 


Transformation 
(Capital and O&M costs) 


e Transformation capital costs 


e Transformation fixed and 
variable operating and 
maintenance costs. 


Primary Resource Costs 
or 
Delivered Fuel Costs 


e Costs of indigenous resources 
e Costs of imported fuels 
e Benefits of exported fuels 


Environmental 
Externality Costs 


e Externality costs from emissions 
of pollutants 


e Other miscellaneous user- 
defined costs such as the costs of 
administering an efficiency program. 


To set-up costing in LEAP it is first necessary to draw a consistent boundary around your 
system, so that LEAP will not double count costs and benefits. For example, if you count 
the costs of fuels used to generate electricity you should not also count the cost of the 
electricity in an overall cost-benefit calculation. 


If you have not already done so, switch on costing by going to the Scope tab of the 
General: Basic Parameters screen and enabling costs. Now go to the Costing tab and 
select the boundary you will draw around the system for the purposes of costing. 


e By default, LEAP draws a boundary around the complete energy system, meaning 
that fuel costs are accounted for only when they are imported or exported or when 
indigenously produced fuels are extracted as primary resources. 


e You may wish to specify a smaller boundary. For example, you may have data on 
the costs of refined and imported oil products being used in your country, but not 
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have any data about the capital and operating costs of your refinery system. In 
this case you would select a boundary that excludes a Transformation refining 
module (for example, you might select the boundary as the inputs to an electricity 
generation module). LEAP will then ignore any capital and operating and 
maintenance costs in any modules below the electricity generation module. In 
this case instead of accounting for the costs of crude oil, LEAP will account for 
the costs of oil products, using the values specified in a variable marked 
Delivered Costs. This variable like all other fuel cost variables is accessed under 
the Resources branches in the tree. 


Externality costs are specified on the General Effects screen. Here you can enter a base 
year externality cost per unit of pollutant and an optional real growth rate that will change 
the future real externality values. 


Note: all of the cost calculations in LEAP are performed in real (constant) currency 
units. However, results can be displayed in discounted currency units. By default, LEAP 
use the default discount rate specified on the Defaults tab of the General: Basic 
Parameters screen. Costs are discounted back to the base year of any study. 


In the Summaries view you can display the Net Present Value (NPV) of each scenario 
relative to another selected scenario. The NPV is the sum of all discounted costs and 
benefits in one scenario minus another (summing across all years of the study). 
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16.1 Automating LEAP with the Application Programming 
Interface (API) 


LEAP can act as a standard "COM Automation Server," meaning that other Windows 
programs can control LEAP directly: changing data values, calculating results, and 
exporting them to Excel or other applications. Currently, LEAP's API provides functions 
for getting information about data structures, for getting and setting data and for getting 
results values. It does not currently support the ability to change data structures in 
LEAP. This must be done manually in LEAP. Let SEI know if you would like to see this 
functionality added. 


This ability to program LEAP can be very powerful. For example, you could write a short 
script that could run LEAP calculations many times, each time with a different set of 
input assumption. LEAP's results could then be output to Excel or processed in the script 
and used to calculate revised assumptions for subsequent LEAP calculations. In this way 
LEAP's basic accounting calculations could be coupled with more sophisticated 
algorithms such as goal-seeking or optimizing algorithms. 


The LEAP Application Programming Interface (API) consists of several "classes," each 
with their own "properties" and "methods." Properties are values that can be inspected or 
changed, whereas methods are functions can be called do something. 


The following classes are defined in LEAP's API: 


e LEAPApplication: top-level properties and methods, including access to all other 
classes. 


e LEAPArea: a LEAP area. 
LEAPAreas: collection of all LEAP areas. 


e LEAPBranch: a specific branch on the data tree (e.g., \Demand\Household\Urban). 
LEAPBranches: a collection of all the child branches for a specified branch (e.g., 
Branch("\Demand").Children ). 


e LEAPFavorite: a named favorite result chart. 
LEAPFavorites: the collection of all favorites in the active area. 


e LEAPFuel: a specific fuel in the active area. 
LEAPFuels: the collection of all fuels in the active area. 


e LEAPRegion: a specific region in the active area. 
LEAPRegions: the collection of all regions in the active area. 


e LEAPScenario: a scenario in the active area. 
LEAPScenarios: the collection of all scenarios in the active area. 
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LEAPUnit: a specific unit region in the active area. 
LEAPUnits: the collection of all units in the active area. 


LEAPVariable: a Variable for a given Branch (e.g., "Activity Level" for Branch 
\Demand\Households\Urban). 

LEAPVariables: collection of all Variables for a single Branch (e.g., all variables 
for \Demand\Households\Urban). 


LEAPView: a view of the LEAP area. 
LEAPViews: a collection of all views. 


LEAP has its own built-in script editor that can be used to edit, interactively debug and 
run scripts that automate LEAP using its API. LEAP uses Microsoft's Windows Script 
(aka ActiveScript) technology which directly supports scripts written in VBScript and 
JScript. 


Some other web-based resources you may find useful: 
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Windows Script Information. 
A VBScript tutorial 
A VBScript reference guide. 


Information on other active scripting programming languages, such as Perl and 
Python. 


Automating LEAP 


16.2 Script Editor 


> Run Script _) Clear (= Open LisaeaAs. |2 A BAQS@ 
|* LEAP API Objects | LEAP Variables | 
=) Application 
ActiveArea 
er ActiveBranch 


-Cells(r, = “Area name:" ] ActiveRegion 

-Cells(r, 2). [LEAP ActiveArea.Name | ActiveScenario 

rl | ActiveVariable 

-Cells(r, p "Area folder:" | ActiveView 

-Cells(r, 3 LEAP. ActiveArea.Directory | Areas 

r +l | BaseYear 

-Cells(r, . "Base Year:" Branches 

-Cells(r, - Value LEAP. BaseYear BranchVariable(‘Branch: Variable’) 
roti Calculate 

-Cells(r, .- Value “End Year:" cls 

-Cells(r, 2).Value LEAP.EndYear Computerinfo 

Yr +1 


r=1 
-Cells(r, - "Basic Parameters” 
-cells(r, 


DictionaryVersion 


Dimmer sD mbm. 


L85C25 Edit scripts in top pane. PRINT messages appear in lower pane. 


The script editor is used to edit, interactively debug and run scripts that automate LEAP 
and connect it with other Windows programs using standard "COM Automation Server" 
programming techniques. The script editor uses Microsoft's Windows Script technology 
which directly supports scripts written in VBScript and JScript. More information on 
Windows Script is available here. 


The script editor is divided into three panes. 


e At the top left is the edit pane where you edit your scripts. Use the e& Open 
button to open a script to be edited. You can open scripts stored in the current area 
folder or in the common "_SCRIPTS" folder. Use the kilSave or Save As buttons 
to save the script. Use the —. Clear button to delete the current script. The editor 
also supports standard editing options such as =# cut, E copy, lr paste, "1 
undo, “& find (Ctrl-F) and “& find again (F3). Use the Run Script button or 
press Ctrl-Enter to run the script. The script editor supports integrated 
debugging. Syntax or run-time errors in the script will cause the script to stop 
running. The type of error, and the line and column at which it occurred will be 
reported, and the edit cursor will be placed at the place in the script where the 
error occurred, helping you to fix the problem. 
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e At the bottom of the window is a PRINT output pane. Any PRINT messages will 
appear here. You can clear this pane using the _/ Clear button on the right of the 
pane or by issuing a CLS or CLEAR command in your script. 


e On the right of the window is a pane with two tabs. These tabs give access to 
LEAP API objects and to LEAP Branch and variable names, which you may 
want to include in your scripts. Select an object in the tree and then click the @ 
Add button to add it to the edit pane on the left. Bear in mind that in addition to 
referring to LEAP objects you can also create references to many other COM 
objects. Many Windows based programs support COM, allowing you to connect 
LEAP to other programs such as Excel, Word, PowerPoint, etc. 


16.3 Events 


Event Scripts... 


Before Calculation; ..\ scripts\BeforeCalc. vbs 


Before Region Calculation: 


Before Scenario Calculation: ..\_scripts\Before Scenario Calc. vbs 
Before Demand Calculation: 


Before Transformation Calculation: 


Before Resource Calculation: 


Before Non-Eneray Calculation: 


After Calculation: 


Use the Events screen to specify scripts (VBScript or JScript) that will run at various 
times before, during and after LEAP's calculations. You can use these scripts to do 
additional calculations or perform other processing of data or results. Use the browse 
buttons to select a script for each event. Each event has access to all of the 
LEAPApplication objects in LEAP's API. Leave one or more of the edit boxes blank if 
you do not want scripts to run during certain calculation events. 


HOW OHOOOE 


The names of the event scripts are saved along with the rest of your data for each area 
(data set). Thus, a different set of scripts can be run for each area. It is recommended 
that you store the actual scripts (typically .VBS or .JS files) in the current area folder so 
that they will be backed-up and can be moved along with the rest of the area data. 
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The order in which the events occur within LEAP's calculations is indicated by the 
indentation of the text boxes on the Events screen, and is as follows: 


Before Calculation (once before each calculation) 
Before Region Calculation (for every region) 
Before Scenario Calculation (for every scenario) 
Before Demand Calculation (for every year) 
Before Transformation Calculation (for every year) 
Before Resource Calculation (for every year) 
Before Non-Energy Calculation (for every year) 


After Calculation (once after each calculation) 
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17 Technical Support 
17.1 Technical Support 


Technical support is provided at no charge to licensed users of the system. Various 
options are available for obtaining support. We request that you first make use of the 
LEAP technical support discussion forums. This site provides a moderated forum for 
users to request and receive technical support and to discuss LEAP-related issues with 
other users. 


When requesting technical support by email, we strongly suggest that you send your data 
set as an attachment and include the system information from the Help: About LEAP 
screen. 

Finally, before requesting help, be sure to check to see if a more recent version of the 
system is available. Use Help: Check for Updates to automatically check for a newer 
version over the Internet, and then install it onto your PC. Note that this is the preferred 


method of updating the software as it requires a much smaller download compared to a 
full download and installation of the system. 


The full set of technical support options are as follows: 
e LEAP Web Site: http://www.energycommunity.org 


e Mail: Stockholm Environment Institute-Boston, 11 Arlington Street, Boston, MA 
02116, USA 


e Email: leap@tellus.org 
e Phone: (617) 266 8090 


e Fax: (617) 266 8303 
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17.2 Hardware and Software Requirements 


LEAP requires a 400 MHz or faster Pentium class PC with Microsoft Windows 98 or 
later (Windows NT/2000 or XP is recommended). A minimum of 64 MB of RAM and 
100 MB of free hard disk space is also required. Microsoft Internet Explorer version 4.0 
or later must be installed on your PC. 


e An Internet connection is not required, but is useful for tasks such as emailing 
data sets, checking for updates to the software, and accessing additional data sets 
on the Internet. 


e LEAP can communicate directly with Microsoft Excel, Microsoft Word, and 
Microsoft PowerPoint but these are not required. 


e LEAP is designed as a single-user system. It is not intended as a multi-user 
system and we do not recommend running it from a shared network drive. 


e LEAP is a 32-bit program. It will not work on earlier 16-bit versions of Windows. 
LEAP is not designed to be used on Apple, UNIX or Linux computers. 


17.3 Installation Notes 


LEAP should always be installed by running its associated "setup" program. It cannot be 
moved from one PC to another by copying the files in the LEAP program directory. In 
particular, LEAP relies upon the Borland Database Engine for communicating with data 
files. 


17.3.1 Installation on Windows NT, 2000 And XP 


When installing LEAP on Windows NT, 2000 and XP, make sure you have 
administrator rights to the PC. In addition, when running LEAP you must have 
access rights to any folders used by LEAP. 


17.3.2 Installation on Early Versions of Windows 


LEAP is designed to be run on PC using Windows 98 or later. It may be possible to 
run LEAP on Windows 95 PCs but this is not supported. 


17.3.3 Updating Microsoft HTML Help 


With some early versions of Windows, you may need to update the Windows 
HTML help system before you can view help in LEAP. 
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